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(54) HEAD CHIP, LIQUID JET HEAD, LIQUID JET RECORDING APPARATUS, AND METHOD OF
MANUFACTURING HEAD CHIP

(57) A head chip, a liquid jet head, a liquid jet record-
ing apparatus, and a method of manufacturing a head
chip capable of preventing penetrating holes from being
stopped up with an adhesive while increasing the yield
ratio are provided. The head chip according to an aspect
of the present disclosure includes a first plate provided
with a first interconnection formedonanobverse surface,
and a second plate bonded to the obverse surface. The
second plate is provided with a first recessed part open-
ingona first surface, andasecond recessedpart opening
on a second surface. The second recessed part includes
a first inner surfacepart extending in a thicknessdirection
at an inner side of the inner surface of the first recessed
part viewed from the thickness direction, and a second
inner surface part extending in the thickness direction at
anouter sideof the innersurfaceof the first recessedpart.
The second plate is provided with a second interconnec-
tion which penetrates the second plate through the first
inner surface part and the inner surface of the first re-
cessed part, and which couples an external interconnec-
tion disposed at the first side in the thickness direction to
the second plate and the first interconnection to each
other.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to a head chip, a
liquid jet head, a liquid jet recording apparatus, and a
method of manufacturing a head chip.

BACKGROUND ART

[0002] Inkjet heads eject ink to recording target media
through head chips. The head chips are each provided
with an actuator plate provided with ejection channels,
and a cover plate stackedon the actuator plate (see, e.g.,
JP2023‑091543A and JP2018‑122551A).
[0003] The cover plate is provided with penetrating
holes which are made to function as through holes.
The penetrating holes can be formed by sandblast or
etching.
[0004] However, there is a possibility that the penetrat-
ing holes are stopped up with an adhesive when bonding
the actuator plate and the cover plate to each other with
the adhesive. On this occasion, it is difficult to ensure
conduction between wiring at the actuator plate side and
wiring at the cover plate side when depositing an elec-
trode material on inner surfaces of the penetrating holes
after bonding the actuator plate and the cover plate to
each other.
[0005] The present disclosure provides a head chip, a
liquid jet head, a liquid jet recording apparatus, and a
method of manufacturing a head chip each capable of
ensuring the conduction between the wiring at the ac-
tuator plate side and the wiring at the cover plate side to
thereby increase the yield ratio.

SUMMARY OF THE INVENTION

[0006] In order to solve the problems described above,
the present disclosure adopts the following aspects.

(1) A head chip according to an aspect of the present
disclosure includes a first plate having an obverse
surface which faces to a first side in a thickness
direction, and which is provided with a first intercon-
nection corresponding to a pressure chamber con-
figured to retain a liquid, and a second plate bonded
to the obverse surface, wherein the second plate is
provided with a first recessed part opening on a first
surface facing to the first side in the thickness direc-
tion, and a second recessed part which opens on a
second surface facing to a second side opposite to
the first side in the thickness direction, and which is
communicated with the first recessed part, the sec-
ond recessed part is provided with a first inner sur-
face part which is locatedwithin a dimensional range
of the first recessed part viewed from the thickness
direction, and which extends in the thickness direc-
tion continuously to an inner surface of the first

recessed part, or extends in the thickness direction
at an inner side with respect to the inner surface of
the first recessed part, and a second inner surface
part which extends in the thickness direction at an
outer sidewith respect to the inner surface of the first
recessedpart at a position different fromaposition of
the first inner surface part viewed from the thickness
direction, and the second plate is provided with a
second interconnection which penetrates the sec-
ond plate through the first inner surface part and the
inner surface of the first recessed part, and which
couples an external interconnection disposed at the
first side in the thicknessdirection to thesecondplate
and the first interconnection to each other.

[0007] According to the present aspect, when forming
the first interconnection through the first opening part
opening on the first surface in the first recessed part, it
is easy to continuously form the interconnection through-
out the first inner surface part and the inner surface of the
first recessed part.
[0008] On that basis, a portion (an outer flared part)
located at the outer side of the first recessed part viewed
from the thickness direction in the second recessed part
is formed. Therefore, when bonding the first plate and the
second plate to each other, the outer flared part functions
asan adhesive pool. In otherwords, it is possible to retain
the adhesive in another portion than the communication
portion between the first recessed part and the second
recessed part. Thus, it is possible to prevent the conduc-
tion between the first interconnection and the second
interconnection from being blocked by the adhesive,
and thus, it is possible to achieve the stability in the
conduction between the first interconnection and the
second interconnection. As a result, the yield ratio can
be improved.
[0009] (2) In the head chip according to the aspect (1)
described above, it is preferable that an opening area on
the second surface in the second recessed part is larger
than an opening area on the first surface in the first
recessed part.
[0010] According to the present aspect, it becomes
easy to ensure the capacity of the outer flared part as
the adhesive pool, and thus, it is possible to achieve the
stability in conduction between the first interconnection
and the second interconnection.
[0011] (3) In the head chip according to the aspect (1)
or (2) described above, it is preferable that a plurality of
the first recessed parts is disposed at intervals in a first
direction crossing the thickness direction, and a plurality
of the second recessed parts is disposed so as to corre-
spond respectively to the first recessed parts.
[0012] According to the present aspect, since the first
recessed part and the second recessed part are formed
so as to individually correspond to each other, for exam-
ple,when there isapluralityof second interconnections, it
is easy to ensure the stability of conduction compared to
when thesecond interconnectionsadjacent to eachother
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are formed in the same first recessed part and the same
second recessed part.
[0013] (4) In the head chip according to the aspect (1)
or (2) described above, it is preferable that a plurality of
the first recessed parts is disposed at intervals in a first
direction crossing the thickness direction, the second
recessed part extends in the first direction so as to
straddle at least adjacent two of the plurality of first
recessed parts, out of inner surfaces of the second
recessed part, the first inner surface part extends in
the thickness direction continuously to the inner surface
of the first recessed part or extends in the thickness
direction at an inner side in a second direction crossing
the first direction viewed from the thickness directionwith
respect to the inner surface of the first recessed part, and
out of the inner surfaces of the second recessed part, the
second inner surface part extends in the thickness direc-
tion at anouter side in the first directionwith respect to the
inner surface of the first recessed part.
[0014] According to thepresent aspect, it is sufficient to
dispose a single second recessed part to at least two first
recessed parts adjacent to each other out of the plurality
of first recessed parts. Therefore, compared to when
forming the second recessed parts separately so as to
correspond respectively to the first recessed parts, it is
possible to achieve an increase in manufacturing effi-
ciency of the second recessed parts.
[0015] (5) In the head chip according to any of the
aspects (1) through (4) described above, it is preferable
to further include an actuator plate which includes a drive
unit disposed so as to face the pressure chamber, and
which is configured to deform so as to expand or contract
the pressure chamber, and a common electrode and an
individual electrode which are provided to the actuator
plate, and which are configured to generate an electric
field in the actuator plate to deform the actuator plate,
wherein the first interconnection includes a common
extraction interconnection coupled to the common elec-
trode, and an individual extraction interconnection
coupled to the individual electrode.
[0016] According to the present aspect, it is easy to
route the interconnections from the common electrodes
and the individual electrodes toward the external inter-
connections.
[0017] (6) In the head chip according to the aspect (5)
described above, it is preferable that the second inter-
connection includes a common penetrating interconnec-
tion coupled to the common extraction interconnection,
and an individual penetrating interconnection coupled to
the individual extraction interconnection, the common
penetrating interconnection and the individual penetrat-
ing interconnection are formed independently of each
other onan inner surfaceof the first recessedpart and the
second recessed part communicated with each other.
[0018] According to the present aspect, since common
interconnection and the individual interconnection are
formed through the first recessed part and the second
recessed part communicated with each other, it is pos-

sible to reduce the number of the first recessed parts and
the second recessed parts compared when separately
forming the first recessed part and the second recessed
part for each of the common interconnections and the
individual interconnections. As a result, it is possible to
achieve an increase in degree of design freedom, a
reduction in pitch of the pressure chambers, and a re-
duction in size of the head chip.
[0019] Further, it is easy to ensure the opening area of
the first opening part compared to when separately form-
ing the first recessed part and the second recessed part
for eachof the commonpenetrating interconnectionsand
the individual penetrating interconnections. Therefore, it
is possible to effectively introduce the electrode material
into the first recessed part and the second recessed part,
and thus it is possible to increase the yield ratio.
[0020] (7) In the head chip according to the aspect (5)
described above, it is preferable that the second inter-
connection includes a common penetrating interconnec-
tion coupled to the common extraction interconnection,
and an individual penetrating interconnection coupled to
the individual extraction interconnection, the second re-
cessed part is provided with a common-use recessed
part communicated with the first recessed part, and an
individual-use recessed part communicated with the first
recessed part in a state of being partitioned from the
common-use recessed part with a partition wall, the
common penetrating interconnection is formed through-
out the inner surface of the first recessed part and an
inner surface of the common-use recessed part, and the
individual penetrating interconnection is formed through-
out the inner surface of the first recessed part and an
inner surface of the individual-use recessed part.
[0021] According to the present aspect, it is easy to
ensure the opening area of the first opening part com-
pared to when separately forming the first recessed part
and the second recessed part for each of the common
penetrating interconnections and the individual penetrat-
ing interconnections. On that basis, by partitioning the
second recessed part with the partition wall, it is possible
to reduce the areaof a portion of the first plate, the portion
being exposed through the second recessed part. There-
fore, it is possible to prevent the interconnections of
respective systems different from each other from being
coupled to each other on the obverse surface of the first
plate.
[0022] (8) In the head chip according to any of the
aspects (1) through (7) described above, it is preferable
that thefirst recessedpart is formed tohavea tapershape
having an inner diameter decreasing toward the second
side in the thickness direction, and a dimension in the
thickness direction in the first recessed part is larger than
a dimension in the thickness direction in the second
recessed part.
[0023] According to the present aspect, when forming
the first interconnection through the first opening part
opening on the first surface in the first recessed part
using, for example, oblique vapor deposition, it is easy
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to continuously form the interconnection throughout the
first inner surface part and the inner surface of the first
recessed part. As a result, it is possible to achieve the
reduction in cost of the head chip.
[0024] (9) In the head chip according to any of the
aspects (1) through (7) described above, it is preferable
that thefirst recessedpart is formed tohavea tapershape
having an inner diameter gradually decreasing toward
the second side in the thickness direction, and a dimen-
sion in the thickness direction in the first recessed part is
smaller than a dimension in the thickness direction in the
second recessed part.
[0025] According to the present aspect, when forming
the first recessed part using the sandblasting or the like,
thefirst recessedpart is formed tohave the taper shape in
which the inner diameter gradually decreases in a pre-
determined range in the thickness direction from the first
opening part, but when the predetermined range is ex-
ceeded, there is a possibility of an occurrence of the
phenomenon that the inner diameter increases once,
and then decreases once again. In this case, a con-
stricted portion is formed in a midway portion in the
thickness direction in the first recessed part. The con-
stricted portion tends to be formed at the second side in
the thickness direction as the inner diameter of the first
opening part increases.
[0026] Therefore, bymaking thedimension in the thick-
ness direction in the first recessed part smaller than the
dimension in the thickness direction in the second re-
cessed part as in the present aspect, it is possible to
decrease the inner diameter of the first opening part. As a
result, it is possible to achieve an increase in degree of
design freedom, a reduction in pitch of the pressure
chambers, and a reduction in size of the head chip.
[0027] (10) A liquid jet head according to an aspect of
the present disclosure preferably includes the head chip
according to any one of the aspects (1) through (9)
described above.
[0028] According to the present aspect, since the head
chipaccording to theaspect describedabove isprovided,
it is possible to provide the liquid jet head excellent in
reliability.
[0029] (11) A liquid jet recording apparatus according
to an aspect of the present disclosure preferably includes
the liquid jet head according to the aspect (10) described
above.
[0030] According to the present aspect, since the head
chipaccording to theaspect describedabove isprovided,
it is possible to provide the liquid jet recording apparatus
excellent in reliability.
[0031] (12) A method of manufacturing a head chip
according to an aspect of the present disclosure is a
method of manufacturing a head chip including a first
plate havinganobverse surfacewhich faces to a first side
in a thickness direction, and which is provided with a first
interconnection corresponding to a pressure chamber
configured to retain a liquid, and a second plate disposed
on the obverse surface, the second plate being provided

with a first recessed part opening on a first surface facing
to a first side in the thickness direction, and a second
recessed part which opens on a second surface facing to
a second side opposite to the first side in the thickness
direction, and which is communicated with the first re-
cessed part, the method including an interconnection
formation step of forming a second interconnection con-
figured to couple an external interconnection disposed at
the first side in the thickness direction to the second plate
and the first interconnection to each other on an inner
surface of the first recessed part and an inner surface of
the second recessed part through an opening part on the
first surface in thefirst recessedpart in astate inwhich the
second plate is bonded to the obverse surface of the first
plate, wherein the second recessed part is provided with
a first inner surface part which is located within a dimen-
sional range of the first recessed part viewed from the
thickness direction, and which extends in the thickness
direction continuously to an inner surface of the first
recessed part, or extends in the thickness direction at
an inner side with respect to the inner surface of the first
recessed part, and a second inner surface part which
extends in the thickness direction at an outer side with
respect to the inner surface of the first recessed part at a
position different from a position of the first inner surface
part viewed from the thickness direction.
[0032] (13) In the method of manufacturing the head
chip according to the aspect (12) described above, it is
preferable that the first recessed part is formed by per-
forming sandblasting from the first surface side, and the
second recessed part is formed by performing dicing
processing from the second surface side.
[0033] According to the present aspect, when forming
the first recessed part using the sandblasting, the first
recessed part is formed to have the taper shape in which
the inner diameter gradually decreases in a predeter-
mined range in the thickness direction from the first
opening part, but when the predetermined range is ex-
ceeded, there is a possibility of an occurrence of the
phenomenon that the inner diameter increases once,
and then decreases once again. In this case, a con-
stricted portion is formed in a midway portion in the
thickness direction in the first recessed part. The con-
stricted portion tends to be formed at the second side in
the thickness direction as the inner diameter of the first
opening part increases.
[0034] Therefore, in the present aspect, by forming the
second recessed part using the dicing processing, it is
possible to penetrate the second plate with the first
recessed part and the second recessed part while re-
moving the constricted portion. Therefore, unlike when
grinding the second plate so as to remove the constricted
portion after forming the first recessed part using the
sandblasting as in the related art, it is possible to prevent
the thickness of the second plate from changing between
before and after the processing. In other words, since it is
possible to perform the processing on the second plate
while keeping the thickness of the second plate, it is
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possible to prevent an occurrence of cracks and so on to
improve thehandling property. As a result, it is possible to
increase the manufacturing efficiency.
[0035] According to an aspect of the present disclo-
sure, it is possible to ensure the conduction between the
interconnection at the actuator plate side and the inter-
connection at the cover plate side to improve the yield
ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Embodiments of the present invention will now
be described by way of example with reference to the
accompanying drawings, in which:

FIG. 1 is a schematic configuration diagram of an
inkjet printer according to a first embodiment.
FIG. 2 is a schematic configuration diagram of an
inkjet head and an ink circulationmechanism related
to the first embodiment.
FIG. 3 is anexplodedperspective viewof aheadchip
according to the first embodiment.
FIG. 4 is a cross-sectional view corresponding to the
line IV-IV shown in FIG. 3.
FIG. 5 is a cross-sectional view corresponding to the
line V-V shown in FIG. 4.
FIG. 6 is a cross-sectional view corresponding to the
line VI-VI shown in FIG. 5.
FIG. 7 is a cross-sectional view corresponding to the
line VII-VII shown in FIG. 5.
FIG. 8 is a bottom view of an actuator plate related to
the first embodiment.
FIG. 9 is a plan view of the actuator plate related to
the first embodiment.
FIG. 10 is a plan view of a cover plate related to the
first embodiment.
FIG. 11 is a flowchart illustrating a method of man-
ufacturing the head chip according to the first embo-
diment.
FIG. 12 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 13 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 14 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 15 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 16 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 17 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 18 is a process diagram illustrating the method

of manufacturing the head chip according to the first
embodiment.
FIG. 19 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 20 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 21 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 22 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 23 is a process diagram illustrating the method
of manufacturing the head chip according to the first
embodiment.
FIG. 24 is a cross-sectional view of a head chip
according to a second embodiment.
FIG. 25 is a cross-sectional view of a head chip
according to a third embodiment.
FIG. 26 is a cross-sectional view of a head chip
according to a fourth embodiment.
FIG. 27 is a cross-sectional view of the head chip
according to the fourth embodiment.
FIG. 28 is an enlarged plan view of an actuator plate
related to the fourth embodiment.
FIG. 29 is an enlarged plan view of a cover plate
related to the fourth embodiment.
FIG. 30 is a cross-sectional view of a head chip
according to a fifth embodiment.
FIG. 31 is a cross-sectional view of a head chip
according to a sixth embodiment.
FIG. 32 is a cross-sectional view of a head chip
according to a seventh embodiment.
FIG. 33 is a cross-sectional view of the head chip
according to the seventh embodiment.
FIG. 34 is a plan view of a cover plate related to the
seventh embodiment.
FIG. 35 is a cross-sectional view of a head chip
according to an eighth embodiment.
FIG. 36 is a cross-sectional view of a head chip
according to the eighth embodiment.
FIG. 37 is an exploded perspective view of a head
chip according to a ninth embodiment.
FIG. 38 is a cross-sectional view corresponding to
the line XXXVIII-XXXVIII shown in FIG. 37.
FIG. 39 is a cross-sectional view corresponding to
the line XXXIX-XXXIX shown in FIG. 37.
FIG. 40 is a cross-sectional view of a head chip
according to a modified example.
FIG. 41 is a cross-sectional view of a head chip
according to a modified example.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Some embodiments according to the present
disclosure will hereinafter be described with reference to
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the drawings. In the embodiments and modified exam-
ples hereinafter described, constituents corresponding
to each other are denoted by the same reference sym-
bols, and the description thereof will be omitted in some
cases. In the following description, expressions repre-
senting relative or absolute arrangements such as "par-
allel," "perpendicular," "central," and "coaxial" not only
represent strictly such arrangements, but also represent
the state of being relatively displaced with a tolerance, or
anangle or adistance to theextent that the same function
can be obtained. In the following embodiment, the de-
scription will be presented citing an inkjet printer (here-
inafter referred to simply as a printer) for performing
recording on a recording target medium using ink (a
liquid) as an example. The scale size of each member
is arbitrarilymodified so as to provide a recognizable size
to the member in the drawings used in the following
description.

(First Embodiment)

[Printer 1]

[0038] FIG. 1 is a schematic configuration diagramof a
printer 1.
[0039] The printer (a liquid jet recording apparatus) 1
shown in FIG. 1 is provided with a pair of conveying
mechanisms 2, 3, ink tanks 4, inkjet heads (liquid jet
heads) 5, ink circulation mechanisms 6, and a scanning
mechanism 7.
[0040] In the following explanation, the description is
presented using anorthogonal coordinate systemofX, Y,
and Z as needed. In this case, the X direction coincides
with a conveying direction (a sub-scanning direction) of a
recording target medium P (e.g., paper). The Y direction
coincides with a scanning direction (a main scanning
direction) of the scanning mechanism 7. The Z direction
represents a height direction (a gravitational direction)
perpendicular to theXdirection and theYdirection. In the
following explanation, the description will be presented
defining an arrow side as a positive (+) side, and an
opposite side to the arrow as a negative (‑) side in the
drawings in each of the X direction, the Y direction, and
the Z direction. In the present specification, the +Z side
corresponds to an upper side in the gravitational direc-
tion, and the ‑Z side corresponds to a lower side in the
gravitational direction.
[0041] The conveying mechanisms 2, 3 convey the
recording target medium P toward the +X side. The
conveyingmechanisms 2, 3 each include a pair of rollers
11, 12 extending in, for example, the Y direction.
[0042] In the ink tanks 4, there are respectively con-
tained four colors of ink such as yellow ink, magenta ink,
cyan ink, and black ink. The inkjet heads 5 are configured
so as to be able to respectively eject the four colors of ink,
namely the yellow ink, themagenta ink, the cyan ink, and
the black ink according to the ink tanks 4 coupled thereto.
[0043] FIG. 2 is a schematic configuration diagram of

the inkjet head 5 and the ink circulation mechanism 6.
[0044] As shown in FIGS. 1, 2, the ink circulation
mechanism 6 circulates the ink between the ink tank 4
and the inkjet head 5. Specifically, the ink circulation
mechanism 6 is provided with a circulation flow channel
23havingan ink supply tube21andan inkdischarge tube
22, apressurepump24coupled to the ink supply tube21,
and a suction pump 25 coupled to the ink discharge tube
22.
[0045] The pressure pump 24 pressurizes an inside of
the ink supply tube21 todeliver the ink to the inkjet head5
through the ink supply tube 21. Thus, the ink supply tube
21 side is provided with positive pressure with respect to
the inkjet head 5.
[0046] The suction pump 25 depressurizes the inside
of the ink discharge tube 22 to suction the ink from the
inkjet head 5 through the ink discharge tube 22. Thus, the
ink discharge tube 22 side is provided with negative
pressure with respect to the inkjet head 5. It is arranged
that the ink can circulate between the inkjet head 5 and
the ink tank 4 through the circulation flow channel 23 by
driving the pressure pump 24 and the suction pump 25.
[0047] As shown in FIG. 1, the scanning mechanism 7
reciprocates the inkjet heads 5 in the Y direction. The
scanning mechanism 7 is provided with a guide rail 28
extending in the Y direction, and a carriage 29 movably
supported by the guide rail 28.

<Inkjet Heads 5>

[0048] The inkjet heads 5 are mounted on the carriage
29. In the illustrated example, the plurality of inkjet heads
5 is mounted on the single carriage 29 so as to be
arranged side by side in the Y direction. The inkjet heads
5areeachprovidedwithaheadchip50,an inksupplyunit
(not shown) for coupling the ink circulation mechanism 6
and the head chip 50 to each other, and a control unit (not
shown) for applying drive voltages to the head chip 50.

<Head Chip 50>

[0049] FIG. 3 is an exploded perspective view of the
head chip 50. FIG. 4 is a cross-sectional view of the head
chip 50 corresponding to the line IV-IV shown in FIG. 3.
FIG. 5 is a cross-sectional view of the head chip 50
corresponding to the line V-V shown in FIG. 4.
[0050] Theheadchip50shown inFIG.3 throughFIG.5
is a so-called recirculating side-shoot type head chip 50
which circulates the ink with the ink tank 4, and at the
same time, ejects the ink from a central portion in the
extending direction (the Y direction) in a pressure cham-
ber61described later. Theheadchip50 isprovidedwitha
nozzle plate 51, a flow channel member 52, a film 53, an
actuator plate (a first member) 54, and a cover plate (a
second member) 55. In the following explanation, the
description is presented in some cases defining a direc-
tion (+Z side) from the nozzle plate 51 toward the cover
plate 55 along the Z direction as an upper side, and a
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direction (-Z side) from the cover plate 55 toward the
nozzle plate 51 along the Z direction as a lower side.

<Flow Channel Member 52>

[0051] Asshown inFIG. 3, theflowchannelmember52
is shaped like a plate with the thickness direction set to
the Z direction. The flow channel member 52 is formed of
a material having ink resistance. As such a material, it is
possible to adopt, for example, metal, metal oxide, glass,
resin, and ceramics. The flow channel member 52 is
provided with a flow channel 60 through which the ink
circulates, and a plurality of pressure chambers 61which
is communicated with the flow channel 60, and which
contains the ink. The flow channel 60 and the pressure
chambers 61 penetrate the flow channel member 52 in
the Z direction.
[0052] The pressure chambers 61 are arranged in the
X direction at intervals. Therefore, in the flow channel
member 52, a portion located between the pressure
chambers 61 adjacent to each other constitutes a parti-
tion wall 62 for partitioning the pressure chambers 61
adjacent to each other in the X direction. The pressure
chambers 61 are each formed like a groove linearly
extending in the Y direction. The pressure chambers
61 each penetrate the flow channel member 52 through-
out the entire length in the Y direction. It should be noted
that it is possible for the pressure chamber 61 to pene-
trate the flow channel member 52 in a part in the Y
direction. The configuration in which the channel exten-
sion direction coincides with the Y direction will be de-
scribed in the first embodiment, but the channel exten-
sion direction may cross the Y direction. A planar shape
of the pressure chamber 61 is not limited to a rectangular
shape (a shape the longitudinal direction ofwhich is set to
either one of the X direction and the Y direction, and the
transverse direction of which is set to the other thereof).
The planar shape of the pressure chamber 61 may be a
polygonal shape such as a square shape or a triangular
shape, a circular shape, an elliptical shape, or the like.
[0053] The flow channel 60 includes an entrance-side
common flow channel 64, entrance-side communication
channels 65, an exit-side common flow channel 66, and
exit-side communication channels 67.
[0054] The entrance-side common flow channel 64
extends in the X direction in a portion of the flow channel
member 52, theportionbeing locatedat the+Ysideof the
pressure chambers 61. A -X-side end portion in the
entrance-side common flow channel 64 is coupled to
an entrance port (not shown). The entrance port is di-
rectly or indirectly coupled to the ink supply tube 21 (see
FIG. 2). In other words, the ink flowing through the ink
supply tube 21 is supplied to the entrance-side common
flow channel 64 through the entrance port.
[0055] The entrance-side communication channels 65
respectively couple the entrance-side common flow
channel 64 and the pressure chambers 61 to each other.
Specifically, the entrance-side communication channels

65 are each branched toward the ‑Yside fromaportion of
the entrance-side common flow channel 64, the portion
overlapping the pressure chamber 61 when viewed from
theX direction. A ‑Y-side end portion in the entrance-side
communication channel 65 is coupled to the pressure
chamber 61.
[0056] The exit-side common flow channel 66 extends
in the X direction in a portion of the flow channel member
52, the portion being located at the ‑Y sidewith respect to
each of the pressure chambers 61. A +X-side end portion
in the exit-side common flow channel 66 is coupled to an
exit port (not shown). The exit port is directly or indirectly
coupled to the ink discharge tube 22 (seeFIG. 2). In other
words, the ink flowing through the exit-side common flow
channel 66 is supplied to the ink discharge tube 22
through the exit port.
[0057] The exit-side communication channels 67 re-
spectively couple the exit-side common flow channel 66
and thepressure chambers 61 toeachother.Specifically,
the exit-side communication channels 67 are each
branched toward the +Y side from a portion of the exit-
side common flow channel 66, the portion overlapping
the pressure chamber 61 when viewed from the X direc-
tion.A+Y-sideendportion in theexit-sidecommunication
channel 67 is coupled to the pressure chamber 61.

<Nozzle Plate 51>

[0058] As shown in FIG. 4 and FIG. 5, the nozzle plate
51 is fixed to the lower surface of the flow channel
member 52 with bonding or the like. The nozzle plate
51 closes a lower end opening part of each of the flow
channel 60 and the pressure chambers 61. In the first
embodiment, the nozzle plate 51 is formed of a metal
material such asSUSorNi-Pd. It should benoted that it is
possible for the nozzle plate 51 to have a single layer
structure or a laminate structure with a resin material
(e.g., polyimide), glass, silicone, or the like besides the
metal material.
[0059] Thenozzleplate51 is providedwithaplurality of
nozzle holes 51a penetrating the nozzle plate 51 in the Z
direction. The nozzle holes 51a are arranged at intervals
in the X direction. The nozzle holes 51a are each com-
municatedwith corresponding oneof the pressure cham-
bers 61 in a central portion in the X direction and the Y
direction. In the first embodiment, each of the nozzle
holes 51a is formed to have, for example, a taper shape
having an inner diameter gradually decreasing in a direc-
tion from the upper side toward the lower side.

<Film 53>

[0060] The film 53 is fixed to an upper surface of the
flowchannelmember 52with bonding or the like. The film
53 is arranged throughout the entire area of the upper
surface of the flow channel member 52. Thus, the film 53
closes an upper end opening part of each of the flow
channel 60 and the pressure chambers 61. The film 53 is
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formed of amaterial which has an insulating property and
ink resistance, and which is elastically deformable. As
such amaterial, the first film 53 is formed of, for example,
a resin material (a polyimide type, an epoxy type, a
polypropylene type, and so on).

<Actuator Plate 54>

[0061] The actuator plate 54 is fixed to an upper sur-
face of the film 53 with bonding or the like with the
thickness direction set to the Z direction. The actuator
plate 54 is opposed to the pressure chambers 61 in the Z
direction across the film 53. It should be noted that the
actuator plate 54 is not limited to the configuration of
covering the pressure chambers 61 in a lump, but can
individually be disposed for each of the pressure cham-
bers 61. In the first embodiment, a portion of the actuator
plate 54 opposed to the pressure chambers 61 forms a
drive unit 54p (see FIG. 4).
[0062] The actuator plate 54 is formed of a piezoelec-
tric material such as PZT (lead zirconate titanate). The
actuator plate 54 is set so that the polarization direction
faces to one direction toward the +Z side.
[0063] FIG. 6 is a cross-sectional view corresponding
to the line VI-VI shown in FIG. 5.
[0064] As shown FIG. 5 and FIG. 6, the actuator plate
54 is providedwith first penetratingholes54aandsecond
penetratingholes54b.Eachof thepenetratingholes54a,
54b is formed to have a taper shape having an inner
diameter (an inner size) in at least the Y direction gradu-
ally decreasing in a direction from the upper side toward
the lower side. It should be noted that it is possible for the
inner diameter of each of the penetrating holes 54a, 54b
to be uniform throughout the entire length in the Z direc-
tion. Further, a planar shape of each of the penetrating
holes 54a, 54b canappropriately be changed to a circular
shape, an elliptical shape, a polygonal shape, and so on.
The penetrating holes 54a, 54b may be the same shape
aseachother, ormayalsobedifferent in shape fromeach
other.
[0065] Thefirst penetratingholes54aeachpenetrate a
portion of the actuator plate 54, the portion overlapping
the ‑Y-side end portion of the pressure chamber 61 in a
plan view.
[0066] The second penetrating holes 54b each pene-
trate a portion of the actuator plate 54, the portion over-
lapping the +Y-side end portion of the pressure chamber
61 in the plan view. The first penetrating hole 54a and the
secondpenetratinghole54bcorresponding toeachother
are formedat positions opposed in theYdirection to each
other. It should benoted that the first penetratinghole 54a
and the second penetrating hole 54bmay be disposed at
respective positions shifted in the X direction from the
pressure chamber 61 in the plan view. Further, the first
penetrating hole 54a and the second penetrating hole
54b corresponding to each other may be disposed so as
not to be opposed in the Y direction to each other (at
respective positions shifted in the X direction from each

other).

<Cover Plate 55>

[0067] Thecover plate55 is fixed toanupper surfaceof
the actuator plate 54 with bonding or the like with the
thickness direction set to the Z direction. The cover plate
55 is thicker in thickness in the Z direction than the
actuator plate 54, the flow channel member 52, and
the film 53. In the first embodiment, the cover plate 55
is formed of a material (e.g., metal oxide, glass, resin, or
ceramics) having an insulating property.
[0068] The cover plate 55 is providedwith first conduc-
tion parts 55a and second conduction parts 55b. The first
conduction parts 55a are disposed in the ‑Y-side end
portion of the cover plate 55. The second conduction
parts 55b are disposed in the +Y-side end portion of the
cover plate 55.
[0069] The first conduction parts 55a are each pro-
vided with an upper recessed part (a first recessed part)
71 and a lower recessed part (a second recessed part)
72.
[0070] The upper recessed parts 71 are respectively
formed in portions of the cover plate 55 each at least
partially overlapping the first penetrating hole 54a in the
plan view. In other words, a plurality of the upper re-
cessed parts 71 is formed at intervals in the X direction
so as to correspond to the first penetrating holes 54a. It
should be noted that the upper recessed part 71 (the first
conduction part 55a)may be arranged so as to be shifted
from the first penetrating hole 54a in the plan view.When
the first conduction part 55a and the first penetrating hole
54a are arranged so as to overlap each other, the relia-
bility of the conduction between the first conduction part
55aand thefirst penetratinghole54a iseasily ensured. In
contrast, when the first conduction part 55a and the first
penetrating hole 54a are arranged so as to be shifted
from each other, the strength of the head chip 50 is easily
ensured.
[0071] The upper recessed part 71 opens on the upper
surface of the cover plate 55. Specifically, the upper
recessed part 71 forms an upper end opening part of
the first conduction part 55a. The upper recessed part 71
is formed to have a rectangular shape (or an elliptical
shape) with the long axis direction set to the Y direction in
the plan view. The upper recessed part 71 is formed to
have a taper shape having an inner diameter (an inner
size) in at least the Y direction gradually decreasing in a
direction from the upper side toward the lower side in a
cross-sectional view. It should be noted that the planar
shape of the upper recessedpart 71 canappropriately be
changed to a true circular shape, a polygonal shape, and
so on.
[0072] The lower recessed part 72 opens on the lower
surface of the cover plate 55. Specifically, the lower
recessed part 72 forms a lower end opening part of the
first conduction part 55a. The lower recessed part 72 is
formed like a groove extending in the X direction so as to
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straddle all of the upper recessed parts 71. The lower
recessed part 72 is communicated with the inside of the
upper recessed part 71 through the portion overlapping
the upper recessed part 71 in the plan view. In the first
conduction part 55a, a portion communicated with the
upper recessed part 71 and the lower recessed part 72
forms a first penetrating part 73 penetrating the cover
plate55 in theZdirection. It shouldbenoted that the lower
recessedpart 72 is not limited towhen straddlingall of the
upper recessed parts 71, but is only required to straddle
at least the upper recessed parts 71 adjacent to each
other.
[0073] The dimension in the Y direction of the lower
recessed part 72 is made equivalent to the dimension in
the Y direction in the lower end opening part of the upper
recessed part 71. In the illustrated example, the dimen-
sion in the Y direction in the lower recessed part 72 is
uniform throughout the entire length in the Z direction. As
shown in FIG. 5, out of the pair of inner surfaces opposed
in the Y direction to each other in the lower recessed part
72, a +Y-side inner surface (a first inner surface part) 72a
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of a portion (hereinafter referred to as a +Y-side
opening edge) located at the +Y side out of the lower end
opening edge of the upper recessed part 71 without a
step. Therefore, the +Y-side inner surface 72a is located
within a dimensional range of the lower end opening part
of the upper recessedpart 71 viewed from theZdirection,
and continuously extends with respect to the inner sur-
face of the upper recessed part 71.
[0074] Outof thepair of inner surfacesopposed in theY
direction to eachother in the lower recessed part 72, a ‑Y-
side inner surface (the first inner surface part) 72b con-
tinues (is arranged at the same position in the plan view)
from a portion (hereinafter referred to as a ‑Y-side open-
ing edge) located at the ‑Y side out of the lower end
opening edge of the upper recessed part 71 without a
step. Therefore, the ‑Y-side inner surface 72b is located
within a dimensional range of the lower end opening part
of the upper recessedpart 71 viewed from theZdirection,
and continuously extends with respect to the inner sur-
face of the upper recessed part 71.
[0075] In the first embodiment, the dimension in the Y
direction of the lower recessed part 72 is larger than the
dimension in the Y direction in the first penetrating hole
54a. Therefore, the +Y-side inner surface 72a and the ‑Y-
side inner surface 72b are located outside in the Y
direction with respect to the first penetrating hole 54a.
It should be noted that the +Y-side inner surface 72a and
the ‑Y-side inner surface 72b may be disposed at the
same positions as the positions of the upper end opening
edges of the first penetrating hole 54a. Further, when the
first conductionpart 55aand thefirst penetratinghole54a
are arranged so as to be shifted from each other, the
dimension in theY direction of the lower recessed part 72
maybe smaller than thedimension of the first penetrating
hole 54a.

[0076] As shown in FIG. 6, the +X-side end portion in
the lower recessed part 72 is located at the +X side with
respect to the upper recessed part 71 located at the
extreme +X side of the upper recessed parts 71. In other
words, the +X-side inner surface (a second inner surface
part) 72c out of the inner surfaces of the lower recessed
part 72 is located at the +X side with respect to any of the
upper recessed parts 71.
[0077] The ‑X-side end portion in the lower recessed
part 72 is located at the ‑X side with respect to the upper
recessed part 71 located at the extreme ‑X side of the
upper recessedparts 71. Inotherwords, the ‑X-side inner
surface (the second inner surface part) 72d out of the
inner surfaces of the lower recessed part 72 is located at
the ‑Xsidewith respect toanyof theupper recessedparts
71. It should be noted that the lower recessed parts 72
may individually be disposed respectively to the upper
recessed parts 71. The lower recessed part 72 may be
disposed so as to straddle any two or more of all of the
upper recessed parts 71.
[0078] As shown in FIG. 5, the second conduction part
55b is provided with an upper recessed part 75 and a
lower recessed part 76. The configuration of the second
conduction part 55b is substantially the same as the
configuration of the first conduction part 55a. Therefore,
in the following description, the description of a portion of
the second conduction part 55b corresponding to the first
conduction part 55a (the upper recessed part 71 and the
lower recessed part 72) is omitted as appropriate.
[0079] The upper recessed parts 75 are respectively
formed in portions of the cover plate 55 each at least
partially overlapping the second penetrating hole 54b in
the plan view.
[0080] The lower recessed part 76 is formed like a
groove extending in the X direction so as to straddle all
of the upper recessed parts 75. In other words, the lower
recessed part 76 is communicated with the inside of the
upper recessed part 75 through the portion overlapping
the upper recessedpart 75 in the plan view. In the second
conduction part 55b, a portion communicated with the
upper recessed part 75 and the lower recessed part 76
forms a second penetrating part 77 penetrating the cover
plate 55 in the Z direction. As shown in FIG. 5, out of the
pair of inner surfaces opposed in the Y direction to each
other in the lower recessed part 76, a ‑Y-side inner sur-
face (a first inner surface part) 76a continues (is arranged
at the same position in the plan view) from the same
position in the plan view as the position of a portion
(hereinafter referred to as a ‑Y-side opening edge) lo-
cated at the ‑Y side out of the lower end opening edge of
the upper recessed part 75 without a step. Therefore, the
‑Y-side inner surface 76a is located within a dimensional
rangeof the lowerendopeningpart of theupper recessed
part 75 viewed from the Z direction, and continuously
extends with respect to the inner surface of the upper
recessed part 75.
[0081] Outof thepair of inner surfacesopposed in theY
direction toeachother in the lower recessedpart 76,a+Y-
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side inner surface (the first inner surface part) 76b con-
tinues (is arranged at the same position in the plan view)
from thesameposition in theplanviewas thepositionof a
portion (hereinafter referred to as a +Y-side opening
edge) located at the +Y side out of the lower end opening
edge of the upper recessed part 75without a step. There-
fore, the +Y-side inner surface 76b is located within a
dimensional range of the lower end opening part of the
upper recessed part 75 viewed from the Z direction, and
continuously extends with respect to the inner surface of
the upper recessed part 75.
[0082] FIG. 7 is a cross-sectional view corresponding
to the line VII-VII shown in FIG. 5.
[0083] As shown in FIG. 7, the +X-side end portion in
the lower recessed part 76 is located at the +X side with
respect to the upper recessed part 75 located at the
extreme +X side of the upper recessed parts 75. In other
words, the +X-side inner surface (a second inner surface
part) 72c out of the inner surfaces of the lower recessed
part 76 is located at the +X side with respect to any of the
upper recessed parts 75.
[0084] The ‑X-side end portion in the lower recessed
part 76 is located at the ‑X side with respect to the upper
recessed part 75 located at the extreme ‑X side of the
upper recessedparts 75. Inotherwords, the ‑X-side inner
surface (the second inner surface part) 76d out of the
inner surfaces of the lower recessed part 76 is located at
the ‑Xsidewith respect to anyof the lower recessedparts
76.
[0085] As shown in FIG. 5, in the first embodiment, the
dimension in the Z direction in the upper recessed parts
71, 75 is larger than the dimension in theZ direction in the
lower recessed parts 72, 76. Further, the opening area of
the lowerendopeningpart in the lower recessedparts72,
76 is larger than the opening area of the upper end
opening part in one of the upper recessed parts 71, 75.
It should be noted that the opening area of the lower end
openingpart in the lower recessedparts 72, 76maybeno
larger than the opening area of the upper end opening
part in one of the upper recessed parts 71, 75. Further,
although there is describedwhen the first conduction part
55a and the second conduction part 55b are formed to
have equivalent shapes in the first embodiment, this
configuration is not a limitation. The first conduction part
55a and the second conduction part 55b may be formed
to have respective shapes different from each other.
[0086] Then, a variety of interconnections provided to
the head chip 50 will be described.
[0087] As shown in FIG. 4, the actuator plate 54 is
provided with common interconnections 81 and indivi-
dual interconnections 82 as drive interconnections.
[0088] The common interconnection 81 includes first
common electrodes 81a, second common electrodes
81b, lower-surface routing interconnections 81c (see
FIG. 8), upper-surface routing interconnections 81d
(see FIG. 9), and first common penetrating interconnec-
tions 81e (see FIG. 5).
[0089] FIG. 8 is a bottom view of the actuator plate 54.

[0090] As shown in FIG. 4 and FIG. 8, the first common
electrodes 81a are formed at positions overlapping the
respective partition walls 62 when viewed from the Z
direction on a lower surface of the actuator plate 54. In
the first embodiment, the first common electrode 81a
located at the +X side out of the first common electrodes
81a corresponding to one pressure chamber 61 is com-
monly used as the first common electrode 81a located at
the ‑X side out of the first common electrodes 81a of
another pressure chamber 61 adjacent at the +X side to
the one pressure chamber 61. In contrast, the first com-
mon electrode 81a located at the ‑X side out of the first
common electrodes 81a corresponding to the one pres-
sure chamber 61 is commonly used as the first common
electrode 81a located at the +X side out of the first
common electrodes 81a corresponding to another pres-
sure chamber 61 adjacent at the ‑X side to the one
pressure chamber 61. It should be noted that between
the pressure chambers 61, the first common electrodes
81a may be separated from each other.
[0091] FIG. 9 is a plan view of the actuator plate 54.
[0092] As shown in FIG. 4 and FIG. 9, the second
common electrode 81b is arranged at a position which
overlapscorrespondingoneof thepressurechambers61
when viewed from the Z direction, and which fails to
overlap the first common electrode 81a when viewed
from the Z direction on the upper surface of the actuator
plate 54. The second common electrode 81b linearly
extends in the Y direction with a length equivalent to
the length of the pressure chamber 61.
[0093] As shown in FIG. 8, the lower-surface routing
interconnection (a first interconnection) 81c is coupled to
the first common electrodes 81a in a lump on the lower
surface of the actuator plate 54. The lower-surface rout-
ing interconnection 81c extends in the X direction in a
stateof beingcoupled to the ‑Y-sideendportion in eachof
the first common electrodes 81a.
[0094] As shown in FIG. 9, the upper-surface routing
interconnection 81d is coupled to the second common
electrode 81b on the upper surface of the actuator plate
54. The upper-surface routing interconnection 81d ex-
tends in the X direction in a state of being coupled to the
‑Y-side end portion in each of the second common elec-
trodes 81b.
[0095] As shown in FIG. 5, the first common penetrat-
ing interconnection 81e couples the lower-surface rout-
ing interconnection 81c and the upper-surface routing
interconnection 81d to each other. The first common
penetrating interconnection 81e is formed throughout
the entire length in the Z direction on at least a portion
facing to the ‑Y side on the inner surface (in other words,
on the +Y side) of the first penetrating hole 54a. A lower
endedgeof thefirst commonpenetrating interconnection
81e is coupled to the lower-surface routing interconnec-
tion 81c at the lower end opening edge of the first pene-
trating hole 54a. An upper end edge of the first common
penetrating interconnection 81e is coupled to the upper-
surface routing interconnection 81d at the upper end
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opening edge of the first penetrating hole 54a. It should
be noted that the first common penetrating interconnec-
tion 81e is not required to be formed on the entire cir-
cumference of the inner surface of the first penetrating
hole 54a as long as the first common penetrating inter-
connection 81e couples the lower-surface routing inter-
connection 81c and the upper-surface routing intercon-
nection 81d to each other.
[0096] As shown in FIG. 4, the individual interconnec-
tion 82 is provided with first individual electrodes 82a,
second individual electrodes 82b, lower-surface routing
interconnections 82c (see FIG. 8), upper-surface routing
interconnections 82d (see FIG. 9), and first individual
penetrating interconnections 82e (see FIG. 5).
[0097] Asshown inFIG.4andFIG.8, thefirst individual
electrode 82a generates a potential difference from the
first common electrode 81a, and at the same time, gen-
erates a potential difference from the second common
electrode81b. Thefirst individual electrode82a is formed
between the first common electrodes 81a on the lower
surface of the actuator plate 54. The first individual elec-
trode82aextends in theYdirection inastateat adistance
in the X direction from each of the first common electro-
des 81a. The whole of the first individual electrode 82a
overlaps the corresponding pressure chamber 61 when
viewed from the Z direction. On this occasion, at least a
part of the first individual electrode 82a overlaps the
second common electrode 81b when viewed from the
Z direction.
[0098] As shown in FIG. 4 and FIG. 9, the second
individual electrode 82b generates a potential difference
from the second commonelectrode 81b, and at the same
time, generates a potential difference from the first com-
monelectrode81a.Thesecond individual electrodes82b
are respectively formed in portions on the upper surface
of the actuator plate 54, the portions being locatedat both
sides in the X direction with respect to the second com-
monelectrode81b.Thesecond individual electrodes82b
eachextend in theYdirection inastateatadistance in the
X direction from the second common electrode 81b. It
should be noted that between the pressure chambers 61
adjacent to each other, the individual electrode 82b lo-
cated at the +X side out of the individual electrodes 82b
corresponding to one of the pressure chambers 61 and
the individual electrode 82b located at the ‑X side out of
the individual electrodes 82b corresponding to the other
of the pressure chambers 61 are located at a distance in
the X direction on the partition wall 62.
[0099] As shown in FIG. 8, the lower-surface routing
interconnection 82c is coupled to the first individual elec-
trode 82a on the lower surface of the actuator plate 54.
The lower-surface routing interconnection 82c extends
from the +Y-side end portion in the first individual elec-
trode 82a toward both sides in the X direction. The lower-
surface routing interconnections 82c corresponding to
the pressure chambers 61 adjacent to each other are
separated from each other.
[0100] As shown in FIG. 9, the upper-surface routing

interconnection 82d couples the +Y-side end portions of
the respective second individual electrodes 82b to each
other on the upper surface of the actuator plate 54.
[0101] Asshown inFIG.5andFIG.7, thefirst individual
penetrating interconnection 82e couples the lower-sur-
face routing interconnection 82c and the upper-surface
routing interconnection 82d to each other. The first in-
dividual penetrating interconnection 82e is formed
throughout the entire length in the Z direction on at least
a portion facing to the +Y side on the inner surface (in
other words, on the ‑Y side) of the second penetrating
hole 54b. It should be noted that the first individual
penetrating interconnection 82e is not required to be
formed on the entire circumference of the inner surface
of the second penetrating hole 54b as long as the first
individual penetrating interconnection 82e couples the
lower-surface routing interconnection 82c and the upper-
surface routing interconnection 82d to each other.
[0102] FIG. 10 is a plan view of the cover plate 55.
[0103] As shown in FIG. 5 and FIG. 10, the cover plate
55 is provided with second common penetrating inter-
connections 85 and second individual penetrating inter-
connections 86 as coupling interconnections (second
interconnections), and common pads 87 and individual
pads 88 as terminal interconnections (the second inter-
connections).
[0104] The second common penetrating interconnec-
tion 85 couples the first common penetrating intercon-
nection 81e and the common pad 87 to each other. The
second common penetrating interconnection 85 is
formed throughout the entire length in the Z direction
on the inner surface of each of the first penetrating parts
73. Specifically, an upper half of the second common
penetrating interconnection 85 is formed in at least a
portion located at the +Y side of the inner surface of
the upper recessed part 71. An upper end edge of the
second common penetrating interconnection 85 is lo-
cated at an upper end opening edge of the upper re-
cessed part 71 (the first penetrating part 73). A lower half
of the second common penetrating interconnection 85 is
formed on a +Y-side inner surface 72a of the inner sur-
face of the lower recessedpart 72. Theupper half and the
lower half of the second common penetrating intercon-
nection 85 are coupled to each other in a boundary
portionbetween theupper recessedpart 71and the lower
recessed part 72. A lower end edge of the second com-
mon penetrating interconnection 85 is located at a lower
end opening edge of the lower recessed part 72 (the first
penetrating part 73). The lower end edge of the second
common penetrating interconnection 85 is directly or
indirectly coupled to an upper end edge of the first com-
mon penetrating interconnection 81e in a boundary por-
tion between the first penetrating hole 54a and the first
penetrating part 73. In the first embodiment, the first
common penetrating interconnection 81e and the sec-
ond common penetrating interconnection 85 are indir-
ectly coupled to each other through the upper-surface
routing interconnection 81d formed in a portion of the
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upper surface of the actuator plate 54, the portion being
exposed through the first penetrating part 73.
[0105] As shown in FIG. 6, the second common pene-
trating interconnection 85 is not formed in a portion of the
lower recessed part 72, the portion being located be-
tween the first penetrating parts 73. In other words, the
second common penetrating interconnections 85 adja-
cent to each other are divided by a portion of the lower
recessed part 72, the portion being located between the
first penetrating parts 73. It should be noted that the
second common penetrating interconnection 85 may
be formed, for example, throughout the entire circumfer-
ence of the first penetrating part 73 as long as the second
common penetrating interconnection 85 has a configura-
tion of coupling the first common penetrating intercon-
nection 81e and the common pad 87 to each other.
[0106] As shown in FIG. 5 and FIG. 10, the common
pad 87 is formed on the upper surface of the cover plate
55. The common pad 87 extends in the Y direction on a
portion of the upper surface of the cover plate 55, the
portion overlapping the pressure chamber 61 when
viewed from the Z direction. The common pad 87 is
coupled to an upper end edge of the second common
penetrating interconnection 85 at the upper end opening
edge of the first penetrating part 73.
[0107] As shown in FIG. 5 and FIG. 7, the second
individual penetrating interconnection86couples thefirst
individual interconnection 82e and the individual pad 88
to each other. The second individual penetrating inter-
connection 86 is formed throughout the entire length in
the Z direction on the inner surface of each of the second
penetrating parts 77. Specifically, an upper half of the
second individual penetrating interconnection 86 is
formed in at least a portion located at the ‑Y side of the
inner surfaceof theupper recessedpart 75.Anupper end
edge of the second individual penetrating interconnec-
tion 86 is located at an upper end opening edge of the
upper recessed part 75 (the second penetrating part 77).
A lower half of the second individual penetrating inter-
connection 86 is formed on a ‑Y-side inner surface 76a of
the inner surfaceof the lower recessedpart 76.Theupper
half and the lower half of the second individual penetrat-
ing interconnection 86 are coupled to each other in a
boundary portion between the upper recessed part 75
and the lower recessed part 76. A lower end edge of the
second individual penetrating interconnection 86 is lo-
cated at a lower end opening edge of the lower recessed
part 76 (the second penetrating part 77). The lower end
edge of the second individual penetrating interconnec-
tion 86 is directly or indirectly coupled to an upper end
edge of the first individual penetrating interconnection
82e in a boundary portion between the second penetrat-
ing hole 54b and the second penetrating part 77. In the
first embodiment, the first individual penetrating inter-
connection 82e and the second individual penetrating
interconnection 86 are coupled to each other through the
upper-surface routing interconnection 82d formed in a
portion of the upper surface of the actuator plate 54, the

portion being exposed through the second penetrating
part 77.
[0108] As shown in FIG. 7, the second individual pe-
netrating interconnection 86 is not formed in a portion of
the lower recessed part 76, the portion being located
between the secondpenetrating parts 77. In otherwords,
the second individual penetrating interconnections 86
adjacent to each other are divided by a portion of the
lower recessed part 76, the portion being located be-
tween the secondpenetratingparts 77. It should benoted
that the second individual penetrating interconnection 86
may be formed, for example, throughout the entire cir-
cumference of the second penetrating part 77 as long as
the second individual penetrating interconnection 86 has
a configuration of coupling the first individual penetrating
interconnection 82e and the individual pad 88 to each
other.
[0109] As shown in FIG. 10, the individual pads 88 are
formed on the upper surface of the cover plate 55. The
individual pads 88 each extend in the Y direction on a
portion of the upper surface of the cover plate 55, the
portion overlapping the pressure chamber 61 when
viewed from the Z direction. The individual pad 88 is
coupled to an upper end edge of the second individual
penetrating interconnection 86 at the upper end opening
edge of the second penetrating part 77.
[0110] To the upper surface of the cover plate 55, there
is pressure-bonded a flexible printed board (not shown)
asexternal interconnections. Theflexible printedboard is
mounted on the commonpads 87 and the individual pads
88 on the upper surface of the cover plate 55.

[Operation Method of Printer 1]

[0111] Then, there will hereinafter be described when
recordingacharacter, a figure, or the likeon the recording
target medium P using the printer 1 configured as de-
scribed above.
[0112] It should be noted that it is assumed that as an
initial state, the sufficient ink having colors different from
each other is respectively encapsulated in the four ink
tanks 4 shown in FIG. 1. Further, there is provided a state
in which the inkjet heads 5 are filled with the ink in the ink
tanks 4 via the ink circulation mechanisms 6, respec-
tively.
[0113] Under such an initial state, when making the
printer 1 operate, the recording target medium P is con-
veyed toward the +X side while being pinched by the
rollers 11, 12 of the conveyingmechanisms 2, 3. Further,
by the carriage 29 moving in the Y direction at the same
time, the inkjet heads 5 mounted on the carriage 29
reciprocate in the Y direction.
[0114] While the inkjet heads 5 make the reciprocal
motion, the ink is appropriately ejected toward the re-
cording target medium P from each of the inkjet heads 5.
Thus, it is possible to perform recording of the character,
the image, and the like on the recording target mediumP.
[0115] Here, the operation of each of the inkjet heads 5
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will hereinafter be described in detail.
[0116] In such a recirculating side-shoot type inkjet
head 5 as in the first embodiment, first, by making the
pressurepump24and thesuctionpump25shown inFIG.
2 operate, the ink is circulated in the circulation flow
channel 23. In this case, the ink circulating through the
ink supply tube 21 is supplied to the inside of each of the
pressure chambers 61 through the entrance-side com-
mon flow channel 64 and the entrance-side communica-
tion channels 65. The ink supplied to the inside of each of
the pressure chambers 61 circulates through that pres-
sure chamber 61 in the Y direction. Subsequently, the ink
is discharged to the exit-side common flow channel 66
through the exit-side communication channels 67, and is
then returned to the ink tank 4 through the ink discharge
tube 22. Thus, it is possible to circulate the ink between
the inkjet head 5 and the ink tank 4.
[0117] Then,when the reciprocation of the inkjet heads
5 is started due to the translation of the carriage 29 (see
FIG. 1), the drive voltages are applied between the
common electrodes 81a, 81b and the individual electro-
des 82a, 82b via the flexible printed boards. On this
occasion, the common electrodes 81a, 81b are set at a
reference potential GND, and the individual electrodes
82a, 82b are set at a drive potential Vdd to apply the drive
voltage.
[0118] Due to the application of the drive voltage, the
potential difference occurs in the X direction between the
first common electrodes 81a and the first individual elec-
trode 82a, and between the second common electrode
81b and the second individual electrodes 82b. Due to the
potential difference generated in the X direction, the
thickness-shear deformation occurs in the actuator plate
54 in the Z direction in the shear mode. Specifically,
between the first common electrodes 81a and the first
individual electrode 82a, there occurs the electric field in
a direction of getting away from each other in the X
direction. Further, on the upper surface of the actuator
plate54, between thesecondcommonelectrode81band
the second individual electrodes 82b, there occurs the
electric field in a direction of coming closer to each other
in the X direction. As a result, in the actuator plate 54, a
shear deformation occurs upward in a direction from the
both end portions toward the central portion in the X
direction in a portion corresponding to each of the pres-
sure chambers 61.
[0119] Meanwhile, the potential difference occurs in
the Z direction between the first common electrodes
81a and the second individual electrodes 82b, and be-
tween the first individual electrode 82a and the second
common electrode 81b. Due to the potential difference
having occurred in the Z direction, an electric field occurs
in the actuator plate 54 in a direction parallel to the
polarization direction (the Z direction). As a result, a
stretch deformation occurs in the actuator plate 54 in
theZdirection in abendmode. In otherwords, in thehead
chip 50according to the first embodiment, it results in that
both of the deformation caused by the shear mode and

the deformation caused by the bendmode in the actuator
plate 54 occur in the Z direction. Specifically, due to the
application of the drive voltage, the actuator plate 54
deforms in a direction of getting away from the pressure
chamber 61. Thus, the volume in the pressure chamber
61 expands. Subsequently, when making the drive vol-
tage zero, the actuator plate 54 is restored to thereby
urge the volume in the pressure chamber 61 to be re-
stored. In the process in which the actuator plate 54 is
restored, the pressure in the pressure chamber 61 in-
creases, and thus, the ink in the pressure chamber 61 is
ejected outside through the nozzle hole 51a. By the ink
ejectedoutside landingon the recording targetmediumP,
print information is recorded on the recording target
medium P.

<Method of Manufacturing Head Chip 50>

[0120] Then, amethod of manufacturing the head chip
50 described above will be described. FIG. 11 is a flow-
chart illustrating the method of manufacturing the head
chip 50. FIG. 12 through FIG. 23 are each a process
diagram illustrating the method of manufacturing the
head chip 50, and are each a cross-sectional view cor-
responding to FIG. 4 and FIG. 5. In the following descrip-
tion, there is described when manufacturing the head
chip 50 chip by chip as an example for the sake of
convenience.
[0121] As shown in FIG. 11, themethod ofmanufactur-
ing the head chip 50 is provided with an actuator first-
processing stepS01, a cover first-processing stepS02, a
first bonding step S03, an actuator second-processing
stepS04, a cover second-processing stepS05, a second
bonding step S06, a flow channel member first-proces-
sing step S07, a third bonding step S08, a flow channel
member second-processing stepS09, anda fourth bond-
ing step S10.
[0122] As shown in FIG. 12, in the actuator first-pro-
cessing step S01, first, recessed parts 100, 101 forming
the first penetrating hole 54a and the second penetrating
hole 54b are formed (a recessed part formation step).
Specifically, a mask pattern in which formation areas of
the first penetrating hole 54a and the second penetrating
hole 54b open is formed on the upper surface of the
actuator plate 54. Subsequently, sandblasting and so
on are performed on the upper surface of the actuator
plate 54 through the mask pattern. Thus, the recessed
parts 100, 101 recessed from the upper surface are
provided to the actuator plate 54. It should be noted that
the recessed parts 100, 101 may be formed by dicing
processing, precision drill processing, etching proces-
sing, or the like.
[0123] Then, as shown in FIG. 13, in the actuator first-
processing step S01, there are formed portions of a
variety of interconnections, the portions being located
on the upper surface of the actuator plate 54 (a first
interconnection formation step). In the first interconnec-
tion formation step, first, a mask pattern in which forma-
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tion areas of the interconnections open is formed on the
upper surfaceof theactuator plate 54. Then, anelectrode
material is deposited on the actuator plate 54 using, for
example, oblique vapor deposition. The electrode mate-
rial is deposited on the actuator plate 54 through the
opening parts of the mask pattern. Thus, the variety of
interconnections are formed on the upper surface of the
actuator plate 54, and inner surfaces of the recessed
parts 100, 101.
[0124] In the cover first-processing step S02, the first
conduction part 55a and the second conduction part 55b
are provided to the cover plate 55. The cover first-pro-
cessing step S02 includes an upper recessed part for-
mation step and a lower recessed part formation step.
[0125] As shown in FIG. 14, in the upper recessed part
formation step, a mask pattern in which formation areas
of the upper recessed parts 71, 75 open is formed on the
upper surface of the cover plate 55. Subsequently, sand-
blasting is performed on the upper surface of the cover
plate55 through themaskpattern. Thus, blastmarks110,
111 recessed from the upper surface are provided to the
cover plate 55.
[0126] Here, when forming the upper recessed parts
71, 75with the sandblasting, the blastmarks 110, 111 are
each provided with a taper shape having the inner dia-
meter gradually decreasing from the upper end opening
part in the Z direction within a predetermined range.
However, when the depth (the dimension in the Z direc-
tion)of theblastmarks110,111exceedsapredetermined
range, there is a possibility that there occurs a phenom-
enon that the inner diameter once increases, and then
decreases once again. As a result, a constricted portion
112 is formed in particular in a portion opposed in the Y
direction in amidway portion in the Z direction in the blast
marks 110, 111. When the constricted portion 112 is
formed, it is difficult for theelectrodematerial togoaround
to a portion located below the constricted portion 112 of
the blast marks 110, 111 when depositing the electrode
material on the inner surfaces of the blastmarks 110, 111.
Therefore, there is a possibility that the yield ratio de-
creases.
[0127] Then, in the cover first-processing stepS02, the
lower recessed part formation step is performed after the
upper recessed part formation step as shown in FIG. 15.
In the lower recessed part formation step, dicing proces-
sing is performed on the lower surface of the cover plate
55. The width of a dicer 120 used in the lower recessed
part formation step is set to be equal to or larger than the
dimension of the constricted portion 112. When forming
the lower recessed part 72, the dicer 120 ismade to enter
the blast mark 110 of the lower surface of the cover plate
55 so that the rotational axis line coincides with the Y
direction with respect to a position overlapping at least
one of the constricted portions 112 opposed in the Y
direction to each other in a plan view. Further, the dicer
120 ismade to run in theXdirectionsoas to traverseeach
of the blast marks 110. On this occasion, the dicing
processing is performed in a state in which the dicer

120 is made to enter the blast mark 110 to a position
above the constricted portion 112. Thus, the first conduc-
tion part 55a is formed in a state in which the constricted
portion 112 is removed. In other words, the portion pro-
cessed by the dicer 120 in the lower recessed part for-
mation step forms the lower recessed part 72, and a
portion of the blast mark 110 remaining after the lower
recessed part formation step forms the upper recessed
part 71. It should be noted that substantially the same
processing as in the lower recessed part formation step
described above is also performed on the blastmark 111.
Thus, the portion processed by the dicer 120 forms the
lower recessed part 76, and a portion of the blast mark
111 remaining after the lower recessed part formation
step forms the upper recessed part 75.
[0128] As shown in FIG. 16, in the first bonding step
S03, the cover plate 55 is attached to the upper surface of
the actuator plate 54 with an adhesive or the like. Thus,
the first conduction part 55a and the recessed part 100
are communicated with each other, and the second con-
duction part 55b and the recessed part 101 are commu-
nicated with each other. In the first bonding step S03, a
surplus adhesive forced to flow when pressure-bonding
the actuator plate 54 and the cover plate 55 to each other
is retained in the lower recessed parts 72, 76. In other
words, in the first embodiment, the lower recessed parts
72, 76 extend in the X direction so as to straddle all of the
upper recessed parts 71, 75, respectively. Therefore, the
surplus adhesive is evenly retained in the lower recessed
parts 72, 76. Further, the opening areas of the lower
recessed parts 72, 76 are easily ensured compared to
when the lower recessed parts 72, 76 are communicated
only with the upper recessed parts 71, 75, respectively.
Thus, concentration of the inflow into the penetrating
parts 73, 77 is prevented.
[0129] As shown in FIG. 17, in the actuator second-
processing step S04, grinding processing is performed
on the lower surface of the actuator plate 54 (a grinding
step). On this occasion, on the lower surface of the
actuator plate 54, the actuator plate 54 is ground up to
a position where the recessed parts 100, 101 open to
thereby form the first penetrating hole 54a and the sec-
ond penetrating hole 54b.
[0130] As shown in FIG. 18, a variety of interconnec-
tions such as the first common electrode 81a and the first
individual electrode 82a are formed (a second intercon-
nection formation step) on the lower surface of the ac-
tuator plate 54. In the second interconnection formation
step, first, a mask pattern in which formation areas of the
interconnections open is formed on the lower surface of
the actuator plate 54. Subsequently, an electrode mate-
rial is deposited on the actuator plate 54 using, for ex-
ample, vapor deposition. The electrode material is de-
posited on the actuator plate 54 through the opening
parts of the mask pattern.
[0131] Then, as shown in FIG. 19, in the cover second-
processing step S05, the penetrating interconnections
85, 86 and the pads 87, 88 are provided (a third inter-
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connection formation step) to the cover plate 55. Speci-
fically, first, amaskpattern inwhich formationareasof the
penetrating interconnections 85, 86 and the pads 87, 88
open is formedon the upper surfaceof the cover plate 55.
Then, the electrode material is deposited on the cover
plate 55 using, for example, oblique vapor deposition
from the Y direction. A part of the electrode material is
deposited on the upper surface of the cover plate 55
through the opening parts of the mask pattern. Thus,
the pads 87, 88 are formed. Further, a part of the elec-
trodematerial enters the inside of each of the conduction
parts 55a, 55b through the opening parts of the mask
pattern and the upper end opening part of each of the
conduction parts 55a, 55b (the upper recessed parts 71,
75). The electrode material which enters each of the
conduction parts 55a, 55b adheres to the inner surfaces
of the penetrating parts 73, 77. Thus, the penetrating
interconnections 85, 86 are formed on the inner surfaces
of the penetrating parts 73, 77.
[0132] Here, in the first conduction part 55a, for exam-
ple, the lower recessed part 72 extends in the X direction
so as to straddle all of the upper recessed parts 71.
Therefore, it has become difficult for the electrode ma-
terial to go around to a portion of the lower recessed part
72, the portion being located between the upper re-
cessed parts 71 adjacent to each other. Specifically,
the portion of the cover plate 55 located between the
upper recessed parts 71 adjacent to each other functions
as a mask to a portion of the lower recessed part 72
located between the upper recessed parts 71 adjacent to
each other. As a result, the second common penetrating
interconnections 85 are formed in a state of being divided
between the first penetrating parts 73 adjacent to each
other. It should be noted that the second individual pene-
trating interconnections 86 are also formed in a state of
being divided between the second penetrating parts 77
adjacent to each other similarly to the second common
penetrating interconnections 85.
[0133] Asshown inFIG. 20, in the secondbonding step
S06, the film 53 is attached to the lower surface of the
actuator plate 54 with an adhesive or the like.
[0134] As shown in FIG. 21, in the flow channel mem-
ber first-processing step S07, the flow channels 60 (see
FIG. 3) and thepressure chambers 61are provided to the
flow channel member 52. The flow channels 60 and the
pressure chambers 61 are formed by performing, for
example, dicing processing or sandblasting on the flow
channel member 52. Then, a portion of the flow channel
member 52, the portion partitioning the pressure cham-
bers 61 adjacent to each other, remains as the partition
wall 62.
[0135] As shown in FIG. 22, in the third bonding step
S08, the flow channelmember 52 is attached to the lower
surface of the first film 53 with an adhesive or the like.
[0136] As shown in FIG. 23, in the flow channel mem-
ber second-processing step S09, grinding processing is
performed on the lower surface of the flow channel
member 52 (a grinding step). On this occasion, on the

lower surface of the flow channel member 52, the flow
channel member 52 is ground up to a position where the
flow channels 60 and the pressure chambers 61 open.
[0137] In the fourth bonding step S10, the nozzle plate
51 is attached to the lower surface of the flow channel
member 52 in a state in which the nozzle holes 51a and
the pressure chambers 61 are aligned with each other.
[0138] Due to the steps described hereinabove, the
head chip 50 is completed.
[0139] As described above, in the first embodiment,
the cover plate (a second plate) 55 is provided with the
upper recessed parts (first recessed parts) 71, 75 which
open on the upper surface (a first surface facing to a first
side in the thickness direction), and the lower recessed
parts (second recessed parts) 72, 76 which open on the
lower surface (asecondsurface facing toasecondside in
the thickness direction), and which are communicated
with the upper recessed parts 71, 75. For example, the
lower recessed part 72 is provided with the +Y-side inner
surface (a first inner surface part) 72a and the ‑Y-side
inner surface 72b which extend in the Z direction con-
tinuously to the lower end opening edge (an inner sur-
face) of the upper recessed part 71 and the +X-side inner
surface (a second inner surface part) 72c and the ‑X-side
inner surface 72d which are located at the outer side in
the X direction with respect to the inner surface of the
upper recessed part 71, and which extend in the Z
direction within a dimensional range of the lower end
opening part of the upper recessed part 71 viewed from
the Z direction. There is adopted the configuration in
which the cover plate 55 is provided with the second
common penetrating interconnections (the second inter-
connections) 85 which penetrate the cover plate 55
through the +Y-side inner surface 72a and the inner
surface of the upper recessed part 71, and which couple
the common interconnections (first interconnections) 81
provided to the actuator plate (a first plate) 54 and the
flexible printed board (external interconnections) to each
other.
[0140] According to this configuration, it is easy to
continuously form the interconnections throughout the
+Y-side inner surface 72a and the inner surface of the
upper recessed part 71 when forming the second com-
mon penetrating interconnections 85 through the upper
end opening part of the upper recessed part 71.
[0141] On that basis, since the lower recessed part 72
is providedwith the +X-side inner surface 72c and the ‑X-
side inner surface 72d located at the outer side in the X
direction with respect to the inner surface of the upper
recessed part 71, an outer flared part 70 is formed in a
portion of the lower recessed part 72, the portion being
located at the outer side in the X direction with respect to
the upper recessedpart 71. Therefore, when bonding the
actuator plate 54 and the cover plate 55 to eachother, the
outer flared part 70 functions as an adhesive pool. In
other words, compared to when forming the lower re-
cessed part 72 so as to be equivalent in opening area to
the upper recessed part 71, it is possible to retain the
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adhesive in a portion other than a communication portion
(the first penetrating part 73) between the upper re-
cessed part 71 and the lower recessed part 72. Thus,
it is possible to prevent the conduction between the
common interconnections 81 and the second common
penetrating interconnections 85 from being blocked by
the adhesive, and thus, it is possible to achieve the
stability in the conduction between the common inter-
connections 81 and the second common penetrating
interconnections 85. As a result, the yield ratio can be
improved. It should be noted that substantially the same
functions and advantages as described above are also
applied to the individual interconnections 82 and the
second individual penetrating interconnections 86
formed in the upper recessed part 75 and the lower
recessed part 76.
[0142] In the head chip 50 according to the first embo-
diment, there is adopted the configuration in which the
opening area of the lower end opening part in the lower
recessed parts 72, 76 is larger than the opening area of
the upper end opening part in one of the upper recessed
parts 71, 75.
[0143] According to this configuration, it becomeseasy
to ensure the volumeas the adhesive pool with respect to
the lower recessed parts 72, 76, and it is possible to
achieve the stability in conduction between the common
interconnections81and the secondcommonpenetrating
interconnections 85, and the conduction between the
individual interconnections 82 and the second individual
penetrating interconnections 86.
[0144] In the head chip 50 according to the first embo-
diment, the plurality of upper recessed parts 71, 75 is
disposed at intervals in theXdirection (the first direction),
and the lower recessed parts 72, 76 extend in the X
direction so as to straddle the upper recessed parts
71, 75 adjacent to each other out of the plurality of upper
recessed parts 71, 75. For example, the Y-side inner
surfaces 72a, 72b extend (are arranged at the same
position in the plan view) in the Z direction continuously
to the inner surface of the lower recessed part 72. The X-
side inner surfaces 72c, 72d are included on the inner
surface of the lower recessed part 72, and extend in the Z
direction at the outer side in theXdirectionwith respect to
the inner surfaces of the upper recessed parts 71, 75.
[0145] According to this configuration, it is sufficient to
dispose the single lower recessed part 72, 76 with re-
spect to the plurality of upper recessed parts 71, 75,
respectively. Therefore, compared to when forming the
lower recessed parts 72, 76 separately so as to corre-
spond respectively to the upper recessed parts 71, 75, it
is possible to achieve an increase in manufacturing effi-
ciency of the lower recessed parts 72, 76.
[0146] In the head chip 50 according to the first embo-
diment, there is adopted the configuration in which the
upper recessed parts 71, 75 are each formed to have the
taper shape having the inner diameter decreasing in the
downward direction, and the dimension in the Z direction
in the upper recessed parts 71, 75 is larger than the

dimension in the Z direction in the lower recessed parts
72, 76.
[0147] According to this configuration, it is easy to
continuously form the second common penetrating inter-
connections 85 and the second individual penetrating
interconnections 86 on the inner surfaces of the pene-
trating parts 73, 77 when forming the second common
penetrating interconnections 85 and the second indivi-
dual penetrating interconnections 86 through the upper
opening parts of the upper recessed parts 71, 75 using,
for example, the obliquevapor deposition. Asa result, it is
possible to achieve the reduction in cost of the head chip
50.
[0148] Since the inkjet head 5 and the printer 1 accord-
ing to the first embodiment are each provided with the
headchip50describedabove, it is possible to provide the
inkjet head 5 and the printer 1 which are excellent in
reliability.
[0149] In the head chip 50 according to the first embo-
diment, there is adopted the configuration in which the
upper recessedparts71,75are formedbyperforming the
sandblasting from the upper surface side of the cover
plate 55, and the lower recessed parts 72, 76 are formed
by performing the dicing processing from the lower sur-
face side of the cover plate 55.
[0150] According to this configuration, by forming the
lower recessed parts 72, 76 using the dicing processing,
it is possible topenetrate thecover plate55with theupper
recessed part 71 and the lower recessed part 72 andwith
the upper recessed part 75 and the lower recessed part
76 while removing the constricted portion 112 formed by
the sandblasting. Therefore, unlike when grinding the
cover plate 55 so as to remove the constricted portion
112 after forming the first recessed part 71 using the
sandblasting as in the related art, it is possible to prevent
the thickness of the cover plate 55 from changing be-
tween before and after the processing. In other words,
since it is possible to perform the processing on the cover
plate 55while keeping the thicknessof the cover plate 55,
it is possible to prevent anoccurrenceof cracks and soon
to improve the handling property. As a result, it is possible
to increase the manufacturing efficiency.

(Second Embodiment)

[0151] FIG. 24 is a cross-sectional view corresponding
to FIG. 5 of the head chip 50 according to a second
embodiment.
[0152] In the head chip 50 shown in FIG. 24, the
dimension in the Z direction in the upper recessed part
71 ismadesmaller than thedimension in theZdirection in
the lower recessed part 72.
[0153] Here, the constricted portion 112 shown in FIG.
14 tends to be formed at a position (at the ‑Z side) where
the blast mark 110 is deeper as the inner diameter of the
upper end opening part in the blast mark 110 (the upper
recessed part 71) increases.
[0154] Here, bymaking thedimension in theZdirection
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in the upper recessed part 71 smaller than the dimension
in the Z direction in the lower recessed part 72 as in the
second embodiment, it is possible to decrease the inner
diameter of the upper end opening part in the upper
recessed part 71. As a result, it is possible to achieve
an increase in degree of design freedom, a reduction in
pitchof thepressure chambers61, anda reduction in size
of the head chip 50.
[0155] The description is presented in the second
embodiment citing the first conduction part 55a (the
upper recessed part 71 and the lower recessed part
72) as an example, but this configuration is not a limita-
tion. Thesameappliesalso to thesecondconductionpart
55b (the upper recessed part 75 and the lower recessed
part 76).

(Third Embodiment)

[0156] FIG. 25 is a cross-sectional view corresponding
to FIG. 7 of the head chip 50 according to a third embodi-
ment.
[0157] In the head chip 50 shown in FIG. 25, the lower
recessed part 76 is individually disposed so as to corre-
spond to the upper recessedpart 75. Both endportions in
the X direction of the inner surface of the lower recessed
part 76 are located at the outer side in the X direction with
respect to the lower end opening edges of the upper
recessed part 75. Specifically, the +X-side inner surface
(the second inner surface part) 76c out of the inner
surfaces of the lower recessed part 76 is located at the
+X sidewith respect to the lower end opening edge of the
corresponding upper recessed part 75. The ‑X-side inner
surface (the second inner surface part) 76d out of the
inner surfaces of the lower recessed part 76 is located at
the ‑X side with respect to the lower end opening edge of
the corresponding upper recessed part 75. It should be
noted that it is sufficient for the +X-side inner surface 76c
and the ‑X-side inner surface 76d to be located at the
outer side with respect to at least the lower end opening
edgeof the inner surfaceof theupper recessedpart 75. In
this case, it is possible for the +X-side inner surface 76c
and the ‑X-side inner surface 76d to be located at the
outer side with respect to the upper end opening edge of
the inner surfaceof, for example, the upper recessedpart
75. Further, the opening area of the lower end opening
part in the lower recessed part 76 may be larger than, or
may also be smaller than, the opening area of the upper
end opening part in the upper recessed part 75.
[0158] In the head chip 50 according to the third
embodiment, since the upper recessed part 75 and the
lower recessed part 76 are formed so as to individually
correspond toeachother, the stability of the conduction is
easily ensured compared to when, for example, the
second individual penetrating interconnections 86 adja-
cent to eachother are formed in the same lower recessed
part 76. It should be noted that although the description is
presented in the third embodiment citing the second
conduction part 55b as an example, it is possible to adopt

substantially the same configuration in the first conduc-
tion part 55a (the upper recessed part 71 and the lower
recessed part 72).

(Fourth Embodiment)

[0159] FIG.26andFIG.27arecross-sectional viewsof
a head chip 200 according to a fourth embodiment.
[0160] Theheadchip200shown inFIG. 26andFIG.27
is providedwith a nozzle plate 201, an actuator plate 202,
and a cover plate 203. The head chip 200 is providedwith
a configuration inwhich thenozzle plate 201, theactuator
plate 202, and the cover plate 203 are stacked on one
another in this order in the Z direction.

<Actuator Plate 202>

[0161] The actuator plate 202 is provided with a chan-
nel column 210. The channel column 210 includes ejec-
tion channels 211 filled with the ink, and non-ejection
channels 212 not filled with the ink. The channels 211,
212 are alternately arranged at intervals in theXdirection
in the actuator plate 202.
[0162] As shown in FIG. 26, the ejection channel 211 is
formed in a +Y-side portion in the actuator plate 202. The
ejection channels 211 are each formed to have a circular
arc shape convex downward when viewed from the X
direction. The ejection channel 211 opens on each of an
upper surface and a lower surface of the actuator plate
202. The dimension in the Y direction of the ejection
channel 211 decreases in the downward direction.
[0163] As shown in FIG. 27, the non-ejection channel
212 linearly extends throughout the entire length in the Y
direction in the actuator plate 202 in the state of penetrat-
ing theactuatorplate202 in theZdirection. In theactuator
plate 202, portions located between the ejection chan-
nels 211 and the non-ejection channels 212 adjacent to
each other each constitute a drive wall (a drive unit) 215
facing the ejection channel 211.

<Cover Plate 203>

[0164] Asshown inFIG. 26andFIG. 27, the cover plate
203 is stacked on an upper surface of the actuator plate
202 by bonding or the like so as to cover the upper end
opening parts of the channels 211, 212. In the cover plate
203, at a position overlapping the ‑Y-side end portion of
the ejection channel 211 in the plan view, there is formed
an entrance common flow channel 220. The entrance
common flow channel 220 extends in the X direction with
a length sufficient for straddling, for example, the channel
column 210, and at the same time, opens on the upper
surface of the cover plate 203.
[0165] In the entrance common flow channel 220, at
the positions overlapping the respective ejection chan-
nels 211 in the plan view, there are formed entrance slits
221. The entrance slits 221 each communicate the ‑Y-
side end portion of corresponding one of the ejection
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channels 211 and the entrance common flow channel
220 with each other.
[0166] In the cover plate 203, at a position overlapping
the +Y-side end portion of the ejection channel 211 in the
plan view, there is formed an exit common flow channel
225. The exit common flow channel 225 extends in the X
direction with a length sufficient for straddling, for exam-
ple, thechannel column210, andat thesame time,opens
on the upper surface of the cover plate 203.
[0167] In the exit common flow channel 225, at the
positions overlapping the respective non-ejection chan-
nels 212 in the plan view, there are formed exit slits 226.
The exit slits 226 each communicate the +Y-side end
portionof correspondingoneof the ejection channels 211
and the exit common flow channel 225 with each other.
Therefore, the entrance slits 221 and the exit slits 226 are
communicated with the respective ejection channels 211
on the one hand, but are not communicated with the non-
ejection channels 212 on the other hand.

<Nozzle Plate 201>

[0168] The nozzle plate 201 is stacked on the lower
surface of the actuator plate 202 with bonding or the like.
In the nozzle plate 201, at positions overlapping central
portions in the Y direction of the respective ejection
channels 211, there are formed nozzle holes 201a. It
should be noted that it is possible to make an intermedi-
ate plate (not shown) intervene between the nozzle plate
201 and the actuator plate 202. In this case, the ejection
channel 211and thenozzle hole 201aare communicated
with each other through a communication hole provided
to the intermediate plate.
[0169] Then, drive interconnections (common inter-
connections 230 and individual interconnections 235)
provided to the actuator plate 202 will be described.
FIG. 28 is anenlarged plan viewof the actuator plate 202.
[0170] As shown in FIG. 26 and FIG. 28, the common
interconnections 230 are each provided with a common
electrode 231 and a common extraction interconnection
232.
[0171] Thecommonelectrode231 is formedonat least
inner side surfaces opposed to each other in the X
direction out of the inner surfaces of the ejection channel
211.
[0172] The common extraction interconnection 232 is
formed on an upper surface of a portion (hereinafter
referred to as a tail part 202a) located at the -Y side of
the ejection channel 211 in the actuator plate 202. The
common extraction interconnection 232 is disposed on
theupper surfaceof the tail part 202a soas to correspond
to each of the ejection channels 211. The common ex-
traction interconnections 232 each extend linearly in the
Y direction with respect to corresponding one of the
ejection channels 211. A +Y-side end portion in a com-
mon pad 255 is connected to the common electrode 231
inanupperendopeningedgeof theejectionchannel 211.
[0173] As shown in FIG. 27 and FIG. 28, the individual

interconnections 235 are each provided with individual
electrodes 236, and an individual extraction interconnec-
tion 237.
[0174] The individual electrodes 236 are each formed
ononeof the inner sidesurfacesopposed toeachother in
theXdirectionout of the inner surfacesofeachof thenon-
ejection channels 212.
[0175] The individual extraction interconnection 237 is
formed in a portion located at the ‑Y side of the common
extraction interconnection 232 on the upper surface of
the tail part 202a. The individual extraction interconnec-
tion 237 is formed to havea strip shapeextending in theX
direction. The individual extraction interconnection 237
couples the individual electrodes 236 opposed to each
other in the X direction across the ejection channel 211 to
each other at the upper end opening edges of the non-
ejection channels 212whichareopposed toeachother in
the X direction across the ejection channel 211.
[0176] FIG. 29 is an enlarged plan view of the cover
plate 203.
[0177] Asshown inFIG. 26andFIG. 29, the cover plate
203 is provided with first conduction parts 240 and sec-
ond conduction parts 245.
[0178] The first conduction parts 240 are each pro-
vided with an upper recessed part 241 and a lower
recessed part 242.
[0179] The upper recessed part 241 is provided to a
portion of the cover plate 203, the portion overlapping the
tail part 202a in the plan view. The plurality of upper
recessed parts 241 is disposed at intervals in the X
direction so as to correspond respectively to the ejection
channels 211.
[0180] The upper recessed part 241 opens on the
upper surface of the cover plate 203. Specifically, the
upper recessedpart 241 formsanupperendopeningpart
of the first conduction part 240. The upper recessed part
241 is formed to have a taper shape having an inner
diameter in at least the Y direction gradually decreasing
in a direction from the upper side toward the lower side in
a cross-sectional view.
[0181] The lower recessedpart 242openson the lower
surface of the cover plate 203. Specifically, the lower
recessed part 242 forms a lower end opening part of the
first conduction part 240. The lower recessed part 242 is
formed like a groove extending in the X direction so as to
straddle all of the upper recessed parts 241. The lower
recessed part 242 is communicated with the inside of the
upper recessed part 241 through the portion overlapping
the upper recessed part 241 in the plan view. In the first
conduction part 240, a portion communicated with the
upper recessedpart 241 and the lower recessed part 242
forms a first penetrating part 243 penetrating the cover
plate 203 in the Z direction.
[0182] The dimension in the Y direction of the lower
recessed part 242 ismade equivalent to the dimension in
the Y direction in the lower end opening part of the upper
recessed part 241. In the illustrated example, the dimen-
sion in the Y direction in the lower recessed part 242 is
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uniform throughout the entire length in the Z direction.
Outof thepair of inner surfacesopposed in theYdirection
to each other in the lower recessed part 242, a +Y-side
inner surface (the first inner surface part) 242a continues
(is arranged at the same position in the plan view) from
the same position in the plan view as the position of the
+Y-side opening edge of the lower end opening edge of
the upper recessed part 241 without a step. Therefore,
the +Y-side inner surface 242a is located within a dimen-
sional range of the lower end opening part of the upper
recessed part 241 viewed from the Z direction, and con-
tinuously extends with respect to the inner surface of the
upper recessed part 241.
[0183] Outof thepair of inner surfacesopposed in theY
direction to each other in the lower recessed part 242, a
‑Y-side inner surface (the first inner surface part) 242b
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of the ‑Y-side opening edge of the lower end
opening edge of the upper recessed part 241 without a
step. Therefore, the ‑Y-side inner surface 242b is located
within a dimensional range of the lower end opening part
of the upper recessed part 241 viewed from the Z direc-
tion, and continuously extends with respect to the inner
surface of the upper recessed part 241.
[0184] It shouldbenoted that the+X-sideendportion in
the lower recessed part 242 is located at the +X side with
respect to the upper recessed part 241 located at the
extreme+Xside of the upper recessed parts 241. The ‑X-
side end portion in the lower recessed part 242 is located
at the ‑X side with respect to the upper recessed part 241
locatedat theextreme ‑Xsideof theupper recessedparts
241.
[0185] Thesecond conduction part 245 is provided to a
portion of the cover plate 203, the portion being located at
the ‑Y side with respect to the first conduction part 240.
The second conduction parts 245 are each provided with
an upper recessed part 246 and a lower recessed part
247.
[0186] The plurality of upper recessed parts 246 is
disposed at intervals in the X direction so as to corre-
spond respectively to the ejection channels 211 in the
cover plate 203.
[0187] The lower recessed part 247 is formed like a
groove extending in the X direction so as to straddle all of
the upper recessed parts 246. In other words, the lower
recessed part 247 is communicated with the inside of the
upper recessed part 246 through the portion overlapping
the upper recessed part 246 in the plan view. In the
second conduction part 245, a portion communicated
with the upper recessed part 246 and the lower recessed
part 247 formsa secondpenetrating part 248 penetrating
the cover plate 203 in the Z direction. Out of the pair of
inner surfaces opposed in the Y direction to each other in
the lower recessed part 247, a +Y-side inner surface (the
first inner surfacepart) 247a continues (is arrangedat the
same position in the plan view) from the same position in
the plan view as the position of the +Y-side opening edge

of the lower end opening edge of the upper recessed part
246 without a step.
[0188] Outof thepair of inner surfacesopposed in theY
direction to each other in the lower recessed part 247, a
‑Y-side inner surface (the first inner surface part) 247b
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of the ‑Y-side opening edge of the lower end
opening edge of the upper recessed part 246 without a
step.
[0189] It shouldbenoted that the+X-sideendportion in
the lower recessed part 247 is located at the +X side with
respect to the upper recessed part 246 located at the
extreme+Xside of the upper recessed parts 246. The ‑X-
side end portion in the lower recessed part 247 is located
at the ‑X side with respect to the upper recessed part 246
locatedat theextreme ‑Xsideof theupper recessedparts
246.
[0190] The cover plate 203 is provided with common
penetrating interconnections 251 and individual pene-
trating interconnections 252 as coupling interconnec-
tions (the second interconnections), and the common
pads 255 and individual pads 256 as terminal intercon-
nections (the second interconnections).
[0191] The common penetrating interconnection 251
couples the common extraction interconnection 232 and
the common pad 255 to each other. The common pene-
trating interconnection 251 is formed throughout the
entire length in the Z direction on the inner surface of
each of the first penetrating parts 243. Specifically, an
upper half of the common penetrating interconnection
251 is formed in at least a portion located at the +Y side of
the inner surface of the upper recessed part 241. An
upper end edge of the common penetrating interconnec-
tion 251 is located at an upper end opening edge of the
upper recessedpart 241 (the first penetratingpart 243).A
lower half of the common penetrating interconnection
251 is formed on a +Y-side inner surface 242a of the
inner surface of the lower recessed part 242. The upper
half and the lower half of the common penetrating inter-
connection 251 are coupled to each other in a boundary
portion between the upper recessed part 241 and the
lower recessed part 242. A lower end edge of the com-
monpenetrating interconnection 251 is locatedat a lower
endopeningedgeof the lower recessedpart 242 (the first
penetratingpart 243). The lowerendedgeof thecommon
penetrating interconnection 251 is coupled to the com-
mon extraction interconnection 232 on the upper surface
of the tail part 202a. As shown in FIG. 27, the common
penetrating interconnections 251 adjacent to each other
are divided by a portion of the lower recessed part 242,
the portion being located between the first penetrating
parts 243.
[0192] As shown in FIG. 26 and FIG. 29, the common
pad 255 is formed on the upper surface of the cover plate
203. The common pad 255 extends in the Y direction on
the upper surface of the cover plate 203. The ‑Y-side end
portionof thecommonpad255 iscoupled toanupperend
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edge of the common penetrating interconnection 251 at
the upper end opening edge of the first penetrating part
243.
[0193] The individual penetrating interconnection 252
couples the individual extraction interconnection 237and
the individual pad 256 to each other. The individual
penetrating interconnection 252 is formed throughout
the entire length in the Z direction on the inner surface
of each of the second penetrating parts 248. Specifically,
an upper half of the individual penetrating interconnec-
tion 252 is formed in at least a portion located at the -Y
side of the inner surface of the upper recessed part 246.
An upper end edge of the individual penetrating inter-
connection 252 is located at an upper end opening edge
of the upper recessed part 246 (the second penetrating
part 248). A lower half of the individual penetrating inter-
connection 252 is formed on a -Y-side inner surface 247b
of the inner surface of the lower recessed part 247. The
upper half and the lower half of the individual penetrating
interconnection252arecoupled toeachother inabound-
ary portion between the upper recessed part 246 and the
lower recessed part 247. A lower end edge of the indivi-
dual penetrating interconnection 252 is located at a lower
end opening edge of the lower recessed part 247 (the
second penetrating part 248). The lower end edge of the
individual penetrating interconnection 252 is coupled to
the individual extraction interconnection237on theupper
surface of the tail part 202a. As shown in FIG. 27, the
individual penetrating interconnections 252 adjacent to
each other are divided by a portion of the lower recessed
part 247, the portion being located between the second
penetrating parts 248.
[0194] Asshown inFIG. 29, the individual pads256are
formed on the upper surface of the cover plate 203. The
individual pad 256 extends in theY direction on the upper
surface of the cover plate 203. The +Y-side end portion of
the individual pad 256 is coupled to an upper end edge of
the individual penetrating interconnection 252 at the
upper end opening edge of the second penetrating part
248. It should be noted that a flexible printed board (not
shown) is pressure-bonded to the upper surface of the
cover plate 203.
[0195] In the head chip 200 according to the fourth
embodiment, there is adopted the configuration in which
the actuator plate 202 is provided with the ejection chan-
nels (jet channels) 211 and the non-ejection channels
(non-jet channels) 212, and the commonextraction inter-
connections 232 and the individual extraction intercon-
nections 237 are formed on the upper surface of the
actuator plate 202.
[0196] According to this configuration, it becomeseasy
to route the common electrodes 231 formed on the inner
surfaces of the ejection channels 211 to the common
penetrating interconnections251,andat thesame time, it
is easy to route the individual electrodes 236 formed on
the inner surfacesof the non-ejection channels 212 to the
individual penetrating interconnections 252.
[0197] Moreover, compared to the configuration in

which the flexible printed board is pressure-bonded to
the actuator plate 202, it is possible to ensure the thick-
ness of the portion of the head chip 200 to which the
flexible printed board is pressure-bonded. Therefore, it
becomes easy to perform the pressure-bonding opera-
tion of the flexible printed board, and thus, it is possible to
achievean increase in themanufacturingefficiencyor the
yield ratio.
[0198] Any one or more of the changes adopted in the
second to fourth embodiments can be made to the ar-
rangement shown in this and subsequent embodiments.
Similarly, any one or more of the changes adopted in the
subsequent embodiments can be made to the first to
fourth embodiments.

(Fifth Embodiment)

[0199] FIG. 30 is a cross-sectional view corresponding
to FIG. 26 in the head chip 200 according to a fifth
embodiment.
[0200] In the fourth embodiment described above,
there is described when the common penetrating inter-
connection 251 and the individual penetrating intercon-
nection 252 are formed on the surfaces (e.g., the +Y-side
inner surface 242a or the ‑Y-side inner surface 247b)
further apart in the Y direction out of the inner surfaces of
the corresponding to the penetrating parts 243, 248, but
this configuration is not a limitation. For example, in the
head chip 200 shown in FIG. 30, the commonpenetrating
interconnections 251and the individual penetrating inter-
connections 252may be formed on the surfaces closer to
each other in the Y direction out of the inner surfaces of
the corresponding penetrating parts 243, 248.
[0201] Specifically, the common penetrating intercon-
nection 251 is formed ina portion locatedat the ‑Ysideon
the inner surface of the first penetrating part 243. The
common pad 255 extends from the upper-end opening
edgeof thefirst penetratingpart 243 toward the ‑Ysideon
the upper surface of the cover plate 203.
[0202] The individual penetrating interconnection 252
is formed in a portion located at the +Y side on the inner
surface of the second penetrating part 248. The indivi-
dual pad256extends from theupperendopeningedgeof
thesecondpenetratingpart 248 toward the+Ysideon the
upper surface of the cover plate 203. Therefore, the
common pads 255 and the individual pads 256 are ar-
ranged in portions of the upper surface of the cover plate
203, the portions being located between the conduction
parts 240, 245, respectively.
[0203] According to the configuration of the fifth embo-
diment, it is possible to make the common pads 255 and
the individual pads 256 close to each other while sup-
pressing the wiring length of the common pads 255 and
the individual pads 256 on the upper surface of the cover
plate203.Thus, it is possible to reduce thecapacitanceof
the headchip 200.As a result, it is possible to improve the
responsiveness of the head chip 200, and at the same
time, it is possible to suppress the heat generation in the
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head chip 200.

(Sixth Embodiment)

[0204] FIG. 31 is a cross-sectional view corresponding
to FIG. 26 in the head chip 200 according to the sixth
embodiment.
[0205] The sixth embodiment is different from the em-
bodiments described above in that the common pene-
trating interconnections 251 and the individual penetrat-
ing interconnections252are formedonsurfaces facing to
the same direction out of the inner surfaces of the corre-
sponding penetrating parts 243, 248.
[0206] Specifically, in the head chip 200 shown in FIG.
31, the common penetrating interconnection 251 is
formed in a portion located at the +Y side on the inner
surfaceof the first penetratingpart 243. Thecommonpad
255 extends from the upper end opening edge of the first
penetrating part 243 toward the +Y side on the upper
surface of the cover plate 203.
[0207] The individual penetrating interconnection 252
is formed in a portion located at the +Y side on the inner
surface of the second penetrating part 248. The indivi-
dual pad256extends from theupperendopeningedgeof
thesecondpenetratingpart 248 toward the+Ysideon the
upper surface of the cover plate 203. It will be apparent
that the common penetrating interconnections 251, 252
could instead both be formed on the ‑Y side.
[0208] According to the configuration of the sixth em-
bodiment, when forming the common penetrating inter-
connections 251 and the individual penetrating intercon-
nections 252 using, for example, the oblique vapor de-
position, it is possible to perform the deposition from the
same direction (e.g., the ‑Y direction). Therefore, it is
possible to achieve an increase in manufacturing effi-
ciency.

(Seventh Embodiment)

[0209] FIG.32andFIG.33arecross-sectional viewsof
aheadchip200according to a seventhembodiment. The
seventh embodiment is different from the embodiments
described above in that two wiring systems are formed in
a single penetrating part.
[0210] In the head chip 200 shown in FIG. 32 and FIG.
33, a conduction part 260 is provided with an upper
recessed part 261 and a lower recessed part 262.
[0211] Theupper recessedpart 261 is formed tohavea
taper shape having an inner diameter in at least the Y
direction gradually decreasing in a direction from the
upper side toward the lower side in a cross-sectional
view.
[0212] The lower recessed part 262 is formed like a
groove extending in the X direction so as to straddle all of
the upper recessed parts 261. The lower recessed part
262 is communicated with the inside of the upper re-
cessed part 261 through the portion overlapping the
upper recessed part 261 in the plan view. In the first

conduction part 260, a portion communicated with the
upper recessedpart 261 and the lower recessed part 262
forms a penetrating part 263 penetrating the cover plate
203 in the Z direction.
[0213] Outof thepair of inner surfacesopposed in theY
direction to each other in the lower recessed part 262, a
+Y-side inner surface (the first inner surface part) 262a
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of the +Y-side opening edge of the lower end
opening edge of the upper recessed part 261 without a
step. Therefore, the+Y-side inner surface262a is located
within a dimensional range of the lower end opening part
of the upper recessed part 261 viewed from the Z direc-
tion, and continuously extends with respect to the inner
surface of the upper recessed part 261.
[0214] Outof thepair of inner surfacesopposed in theY
direction to each other in the lower recessed part 262, a
‑Y-side inner surface (the first inner surface part) 262b
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of the ‑Y-side opening edge of the lower end
opening edge of the upper recessed part 261 without a
step. Therefore, the ‑Y-side inner surface 262b is located
within a dimensional range of the lower end opening part
of the upper recessed part 261 viewed from the Z direc-
tion, and continuously extends with respect to the inner
surfaceof theupper recessedpart 261. It shouldbenoted
that the +X-side end portion in the lower recessed part
262 is located at the +X side with respect to the upper
recessed part 261 located at the extreme +X side of the
upper recessed parts 261. The -X-side end portion in the
lower recessed part 262 is located at the -X side with
respect to the upper recessed part 261 located at the
extreme -X side of the upper recessed parts 261.
[0215] As shown in FIG. 32, the common penetrating
interconnection 251 is formed throughout the entire
length in the Z direction in a portion of the inner surface
of the penetrating part 263, the portion being located at
the +Y side. Specifically, an upper half of the common
penetrating interconnection 251 is formed in at least a
portion located at the +Y side of the inner surface of the
upper recessed part 261. An upper end edge of the
common penetrating interconnection 251 is located at
an upper end opening edge of the upper recessed part
261 (the penetrating part 263). A lower half of the com-
mon penetrating interconnection 251 is formed on a +Y-
side inner surface 262a of the inner surface of the lower
recessed part 262. The upper half and the lower half of
the common penetrating interconnection 251 are
coupled to each other in a boundary portion between
the upper recessed part 261 and the lower recessed part
262. A lower end edge of the common penetrating inter-
connection 251 is located at a lower end opening edge of
the lower recessed part 262 (the penetrating part 263).
[0216] FIG. 34 is a plan view of the cover plate 203.
[0217] As shown in FIG. 32 and FIG. 34, the common
pad 255 extends from the upper end opening edge of the
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penetrating part 263 toward the +Y side on the upper
surface of the cover plate 203.
[0218] As shown in FIG. 32, the individual penetrating
interconnection 252 is formed throughout the entire
length in the Z direction in a portion of the inner surface
of the penetrating part 263, the portion being located at
the ‑Y side. Specifically, an upper half of the individual
penetrating interconnection 252 is formed in at least a
portion located at the ‑Y side of the inner surface of the
upper recessed part 261. An upper end edge of the
individual penetrating interconnection 252 is located at
an upper end opening edge of the upper recessed part
261 (the penetrating part 263). A lower half of the indivi-
dual penetrating interconnection 252 is formed on a ‑Y-
side inner surface 262b of the inner surface of the lower
recessed part 262. The upper half and the lower half of
the individual penetrating interconnection 252 are
coupled to each other in a boundary portion between
the upper recessed part 261 and the lower recessed part
262. A lower end edge of the individual penetrating
interconnection 252 is located at a lower end opening
edge of the lower recessed part 262 (the penetrating part
263).
[0219] The common penetrating interconnection 251
and the individual penetrating interconnection 252 are
divided from each other in the penetrating part 263.
Specifically, the common penetrating interconnection
251 and the individual penetrating interconnection 252
are not formed on the inner surface facing to the X
direction out of the inner surfaces of the upper recessed
part 261. Therefore, the upper halves of the common
penetrating interconnection 251 and the individual pene-
trating interconnection 252 are separated from each
other with the inner surface facing to the X direction
out of the inner surfaces of the upper recessed part 261.
[0220] In contrast, the lower recessedpart 262extends
toward the outer side in the X direction with respect to the
lower end opening edge of one of the upper recessed
parts 261. Therefore, the lower halves of the common
penetrating interconnection 251 and the individual pene-
trating interconnection 252 are divided from each other
with the lower recessed part 262. It should be noted that it
is possible to form a dividing groove or the like in the
penetrating part 263 in order to divide the common pe-
netrating interconnection 251 and the individual pene-
trating interconnection 252 from each other.
[0221] As shown in FIG. 32 and FIG. 34, the individual
pad 256 extends from the upper end opening edge of the
penetrating part 263 toward the ‑Y side on the upper
surface of the cover plate 203.
[0222] In the seventh embodiment, both of the com-
mon penetrating interconnection 251 and the individual
penetrating interconnection 252 are formed in the pene-
trating part 263 formed of the upper recessed part 261
and the lower recessed part 262 communicated with
each other. Therefore, it is possible to reduce the number
of the penetrating parts compared to when separately
forming the penetrating parts respectively for the com-

mon penetrating interconnection 251 and the individual
penetrating interconnection 252. As a result, it is possible
to achieve an increase in degree of design freedom, a
reduction in pitch of the channels, and a reduction in size
of the head chip 200.
[0223] Further, it is easy to ensure the opening area of
the upper end opening part of the penetrating part 263
compared to when separately forming the penetrating
parts respectively for the common penetrating intercon-
nection 251 and the individual penetrating interconnec-
tion 252. Therefore, it is possible to effectively introduce
the electrode material into the penetrating part 263, and
thus it is possible to increase the yield ratio.

(Eighth Embodiment)

[0224] FIG. 35 is a cross-sectional view of a head chip
200 according to an eighth embodiment.
[0225] The eighth embodiment is different from the
embodiments described above in that the partition wall
270 for partitioning the lower recessed part 262 in the Y
direction is provided with respect to the conduction part
260.
[0226] In the head chip 200 shown in FIG. 35, the lower
recessed part 262 is provided with a common-use re-
cessedpart 271 located at the +Y side of the partitionwall
270, and an individual-use recessed part 272 located at
the ‑Yside of the partitionwall 270. It should benoted that
the common-use recessed part 271 and the individual-
use recessed part 272 are formed by performing the
dicing processing in two columns using a dicer smaller
than the dimension of the constricted portion 112 in the
lower recessed part formation step.
[0227] A lower half of the common penetrating inter-
connection 251 is formed on the inner surface (the +Y-
side inner surface 262a of the lower recessed part 262)
located at the +Y side out of the inner surfaces of the
common-use recessed part 271.
[0228] A lower half of the individual penetrating inter-
connection 252 is formed on the inner surface (the ‑Y-
side inner surface 262b of the lower recessed part 262)
located at the ‑Y side out of the inner surfaces of the
individual-use recessed part 272.
[0229] In the eighth embodiment, similarly to the se-
venth embodiment described above, it is easy to ensure
the opening area of the upper end opening part of the
penetrating part 263 compared to when separately form-
ing the penetrating parts respectively for the common
penetrating interconnection 251 and the individual pene-
trating interconnection 252. On that basis, by partitioning
the lower recessedpart 262with thepartitionwall 270, it is
possible to reduce the area of a portion of the actuator
plate 202, the portion being exposed through the pene-
trating part 263. Therefore, it is possible to prevent the
interconnections of respective systems different from
each other frombeing coupled to eachother on the upper
surface of the actuator plate 202. It should be noted that
when there is a possibility that the interconnections of the
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respective systemsdifferent fromeach other are coupled
to each other on the upper surface of the partition wall
270, the electrode material to be formed on the upper
surface of the partition wall 270 may appropriately be
removed.
[0230] In the fourth embodiment through the eighth
embodiment described above, the description is pre-
sented citing the head chip 200 of a side-shoot type as
an example, but this configuration is not a limitation. For
example, as shown in FIG. 36, it is possible to adopt the
configuration related to the present disclosure as the
head chip 200 of a so-called edge-shoot type in which
the ink is ejected from an end portion in an extending
direction (the Y direction) in the ejection channel 211.

(Ninth Embodiment)

[0231] FIG. 37 is an exploded perspective view of a
head chip 300 according to a ninth embodiment. FIG. 38
is a cross-sectional view corresponding to the line
XXXVIII-XXXVIII shown in FIG. 37. FIG. 39 is a cross-
sectional view corresponding to the line XXXIX-XXXIX
shown in FIG. 37.
[0232] In each of the embodiments described above,
there is described the configuration in which the actuator
plate corresponds to the first plate related to the present
disclosure, and the cover plate corresponds to the sec-
ond plate related to the present disclosure, but this con-
figuration is not a limitation. The ninth embodiment is
different from the embodiments described above in that
an intermediate plate corresponding to the first plate and
an obverse-side plate corresponding to the second plate
are provided.
[0233] As shown in FIG. 37 through FIG. 39, the head
chip 300 is provided with a nozzle plate 301, an actuator
plate 302, the intermediate plate (the first plate) 303, and
theobverse-sideplate (thesecondplate) 304. In thehead
chip 300, the nozzle plate 301, the actuator plate 302, the
intermediate plate 303, and the obverse-side plate 304
are stacked in this order in the Z direction.
[0234] The actuator plate 302 is provided with a chan-
nel column 310. The channel column 310 includes ejec-
tion channels 311 filled with the ink, and non-ejection
channels 312 not filled with the ink.
[0235] As shown in FIG. 37 and FIG. 38, the ejection
channel 311 penetrates the actuator plate 302 in the Z
direction, and linearly extends throughout the entire
length in the Y direction of the actuator plate 302. The
+Y-side opening part in each of the ejection channels 311
is communicatedwith theentrancecommonflowchannel
(not shown).Meanwhile, the ‑Y-side opening part in each
of the ejection channels 311 is communicated with the
exit common flow channel (not shown). In other words,
the entrance common flow channel and the exit common
flow channel are communicated with each other through
each of the ejection channels 311.
[0236] As shown in FIG. 37 and FIG. 39, the non-
ejection channel 312 linearly extends in the Y direction

in a portion of the actuator plate 302, the portion being
located between the ejection channels 311 adjacent to
each other. Portions of the actuator plate 302, the por-
tions each being located between the ejection channel
311 and the non-ejection channel 312 adjacent to each
other forms a drive wall (a drive unit) 313.
[0237] Both end portions in the Y direction in the non-
ejection channel 312 terminate in the actuator plate 302.
Therefore, the non-ejection channel 312 is not commu-
nicated with the entrance common flow channel and the
exit commonflowchannel. Thenon-ejection channel 312
is formed to have a circular arc shape convex downward
when viewed from the X direction. Specifically, the non-
ejection channel 312 is provided with a penetrating part
312a located in a central portion in the Y direction, and
uprise parts 312b connected to both sides in the Y
direction to the penetrating part 312a.
[0238] The penetrating part 312a penetrates the ac-
tuator plate 302 in the Z direction.
[0239] The uprise parts 312b each open on the upper
surface of the actuator plate 302, and at the same time,
the dimension in the Z direction of the uprise part 312b
gradually decreases as getting away in the Y direction
from the penetrating part 312a. In other words, an upper
end opening part of the non-ejection channel 312 is
formed of the penetrating part 312a and the uprise part
312b. In contrast, a lower end opening part of the non-
ejection channel 312 is formed of the penetrating part
312a. A dividing groove 312c is formed in a central
portion in the X direction on the bottom surface of each
of the uprise parts 312b.
[0240] In the following description, a portion of the
actuator plate 302 which is located between the ejection
channels311adjacent to eachother, andwhich is located
at the ‑Ysidewith respect to thenon-ejectionchannel 312
is referred to as a first tail part 302a. A portion of the
actuator plate 302 which is located between the ejection
channels311adjacent to eachother, andwhich is located
at the +Y side with respect to the non-ejection channel
312 is referred to as a second tail part 302b.

intermediate Plate 303>

[0241] As shown in FIG. 37 through FIG. 39, the inter-
mediate plate 303 functions as a coupling board for the
variety of drive interconnections provided to the actuator
plate 302 and the variety of terminal interconnections
provided to the obverse-side plate 304. The intermediate
plate 303 is a plate member formed of piezoelectric
material such as PZT, a resinmaterial such as polyimide,
or other nonconductivematerials. The intermediate plate
303 has a planar outer shape equivalent to that of the
actuator plate302, and is stackedon theentire areaof the
upper surface of the actuator plate 302. The intermediate
plate 303 is bonded to the upper surface of the actuator
plate 302 with an adhesive or the like.
[0242] As shown in FIG. 37 and FIG. 39, the intermedi-
ate plate 303 is provided with intermediate common
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holes 303a, first intermediate individual holes 303b, and
second intermediate individual holes 303c. The inter-
mediate holes 303a through 303c are each formed to
have a taper shape having the inner diameter gradually
decreasing along a direction from the upper side toward
the lower side.
[0243] The intermediate common hole 303a pene-
trates a portion of the intermediate plate 303 in the Z
direction, the portion overlapping the first tail part 302a in
the plan view. In other words, the intermediate common
hole 303a is disposed between the ejection channels 311
adjacent to each other.
[0244] The first intermediate individual hole 303b and
the second intermediate individual hole 303c are formed
separately at both sides in the Y direction with respect to
the non-ejection channel 312. Specifically, the first inter-
mediate individual hole 303b penetrates a portion of the
intermediate plate 303 in the Z direction, the portion
overlapping the first tail part 302a in the plan view, and
the portion being located at the +Y side of the intermedi-
ate common hole 303a. The second intermediate indivi-
dual hole 303c penetrates a portion of the intermediate
plate 303 in the Z direction, the portion overlapping the
second tail part 302b in the plan view. In other words, the
first intermediate individual hole 303b and the second
intermediate individual hole 303c are disposed for each
of the non-ejection channels 312.

<Obverse-Side Plate 304>

[0245] The obverse-side plate 304 is used for coupling
the head chip 300 and the flexible printed board (external
interconnections) to each other. The obverse-side plate
304 is a plate member formed of piezoelectric material
such as PZT, a resin material such as polyimide, or other
nonconductive materials. In this case, the intermediate
plate 303 and the obverse-side plate 304 may be formed
of materials of the same type, or may be formed of
respective materials different in type from each other.
[0246] The obverse-side plate 304 has a planar outer
shape equivalent to that of the intermediate plate 303,
and is stacked on the entire area of the upper surface of
the intermediate plate 303. The obverse-side plate 304 is
bonded to theupper surfaceof the intermediate plate 303
with an adhesive or the like.
[0247] As shown in FIG. 37 and FIG. 38, the obverse-
side plate 304 is provided with obverse-side common
holes 304a and obverse-side individual holes 304b.
[0248] The obverse-side common hole 304a pene-
trates a portion of the obverse-side plate 304 in the Z
direction, the portion (the portion located between the
first tail parts 302a adjacent to each other) overlapping
the ‑Y-side end portion in the ejection channel 311 in the
plan view. In otherwords, the obverse-side common hole
304a is disposed so as to correspond to each of the
ejection channels 311. The obverse-side common holes
304a are arranged so as to be shifted in the X direction
from the intermediate common holes 303a in the plan

view. Meanwhile, in a side view, the lower end opening
part of the obverse-side common hole 304a is located at
the+Ysidewith respect to the intermediate commonhole
303a.
[0249] The obverse-side common hole 304a is pro-
vided with the upper recessed part 321 and the lower
recessed part 322 similarly to the embodiments de-
scribed above. The obverse-side common hole 304a
opens on the upper surface of the obverse-side plate
304. Specifically, the upper recessed part 321 forms an
upper endopeningpart of theobverse-side commonhole
304a. The upper recessed part 321 is formed to have a
taper shape having an inner diameter in at least the Y
direction gradually decreasing in a direction from the
upper side toward the lower side in a cross-sectional
view.
[0250] The lower recessedpart 322openson the lower
surface of the obverse-side plate 304. Specifically, the
lower recessed part 322 forms a lower end opening part
of the obverse-side common hole 304a. The lower re-
cessedpart 322 is formed like agrooveextending in theX
direction so as to straddle all of the upper recessed parts
321. The lower recessed part 322 is communicated with
the inside of the upper recessed part 321 through a
portion overlapping the upper recessed part 321 in the
plan view. In the obverse-side common hole 304a, a
portion communicated with the upper recessed part
321 and the lower recessed part 322 forms a first pene-
trating part 325 penetrating the obverse-side plate 304 in
the Z direction.
[0251] The dimension in the Y direction of the lower
recessed part 322 ismade equivalent to the dimension in
the Y direction in the lower end opening part of the upper
recessed part 321. In the illustrated example, the dimen-
sion in the Y direction in the lower recessed part 322 is
uniform throughout the entire length in the Z direction.
Outof thepair of inner surfacesopposed in theYdirection
to each other in the lower recessed part 322, a +Y-side
inner surface (the first inner surface part) 322a continues
(is arranged at the same position in the plan view) from
the same position in the plan view as the position of the
+Y-side opening edge of the lower end opening edge of
the upper recessed part 321 without a step. Therefore,
the +Y-side inner surface 322a is located within a dimen-
sional range of the lower end opening part of the upper
recessed part 321 viewed from the Z direction, and con-
tinuously extends with respect to the inner surface of the
upper recessed part 321.
[0252] Outof thepair of inner surfacesopposed in theY
direction to each other in the lower recessed part 322, a
‑Y-side inner surface (the first inner surface part) 322b
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of the ‑Y-side opening edge of the lower end
opening edge of the upper recessed part 321 without a
step. Therefore, the -Y-side inner surface 322b is located
within a dimensional range of the lower end opening part
of the upper recessed part 321 viewed from the Z direc-
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tion, and continuously extends with respect to the inner
surface of the upper recessed part 321.
[0253] It shouldbenoted that the+X-sideendportion in
the lower recessed part 322 is located at the +X side with
respect to the upper recessed part 321 located at the
extreme+Xside of the upper recessed parts 321. The ‑X-
side end portion in the lower recessed part 322 is located
at the ‑X side with respect to the upper recessed part 321
locatedat theextreme ‑Xsideof theupper recessedparts
321.
[0254] As shown in FIG. 37 and FIG. 39, the obverse-
side individual hole 304b penetrates a portion of the
obverse-side plate 304 in the Z direction, the portion
(the portion located on each of the second tail parts
302b) overlapping the +Y-side end portion in the non-
ejection channel 312 in the plan view. In other words, the
obverse-side individual hole 304b is disposed so as to
correspond to each of the non-ejection channels 312.
The obverse-side individual hole 304b, and the inter-
mediate individual holes 303b, 303care lineally arranged
in the Y direction. Specifically, the lower end opening part
of the obverse-side individual hole 304b is located at the
+Ysidewith respect to thesecond intermediate individual
hole 303c. It should be noted that the lower end opening
part of the obverse-side individual hole 304b may be
disposed at the ‑Y side with respect to the second inter-
mediate individual hole 303c, or may be formed at the
position overlapping the first tail part 302a in the plan
view.
[0255] The obverse-side individual hole 304b is pro-
vided with an upper recessed part 326 and a lower
recessed part 327.
[0256] The plurality of upper recessed parts 326 is
disposed at intervals in the X direction in the obverse-
side plate 304.
[0257] The lower recessed part 327 is formed like a
groove extending in the X direction so as to straddle all of
the upper recessed parts 326. In other words, the lower
recessed part 327 is communicated with the inside of the
upper recessed part 326 through the portion overlapping
the upper recessed part 326 in the plan view. In the
obverse-side individual hole 304b, a portion communi-
cated with the upper recessed part 326 and the lower
recessed part 327 forms a second penetrating part 328
penetrating the obverse-side plate 304 in the Z direction.
Outof thepair of inner surfacesopposed in theYdirection
to each other in the lower recessed part 327, a +Y-side
inner surface (the first inner surface part) 327a continues
(is arranged at the same position in the plan view) from
the same position in the plan view as the position of the
+Y-side opening edge of the lower end opening edge of
the upper recessed part 326 without a step. Therefore,
the +Y-side inner surface 327a is located within a dimen-
sional range of the lower end opening part of the upper
recessed part 326 viewed from the Z direction, and con-
tinuously extends with respect to the inner surface of the
upper recessed part 326.
[0258] Outof thepair of inner surfacesopposed in theY

direction to each other in the lower recessed part 327, a
‑Y-side inner surface (the first inner surface part) 327b
continues (is arranged at the same position in the plan
view) from the same position in the plan view as the
position of the ‑Y-side opening edge of the lower end
opening edge of the upper recessed part 326 without a
step. Therefore, the ‑Y-side inner surface 327b is located
within a dimensional range of the lower end opening part
of the upper recessed part 326 viewed from the Z direc-
tion, and continuously extends with respect to the inner
surface of the upper recessed part 326.
[0259] It shouldbenoted that the+X-sideendportion in
the lower recessed part 327 is located at the +X side with
respect to the upper recessed part 326 located at the
extreme+Xside of the upper recessed parts 326. The -X-
side end portion in the lower recessed part 327 is located
at the -X side with respect to the upper recessed part 326
locatedat theextreme -Xsideof theupper recessedparts
326.
[0260] Then, a variety of interconnections provided to
the head chip 300 will be described.
[0261] As shown in FIG. 37 through FIG. 39, the ac-
tuator plate 302 is provided with common interconnec-
tions 331 and individual interconnections 332 as drive
interconnections.
[0262] The common interconnections 331 include
common electrodes 335 and common extraction inter-
connections 336.
[0263] The common electrodes 335 are respectively
formed on inner side surfaces opposed in the X direction
to each other out of the inner surfaces of the ejection
channel 311. The common electrodes 335 are each
formed throughout the entire area in the Y direction
and the Z direction on the inner side surface of the
ejection channel 311.
[0264] As shown in FIG. 37, the common extraction
interconnection 336 extends like a strip in the X direction
on the upper surface of the first tail part 302a. The
common extraction interconnection 336 couples the
common electrodes 335 opposed in the X direction to
each other across the non-ejection channel 312 to each
other at the upper end opening edges of the ejection
channels 311 which are opposed in the X direction to
each other across the non-ejection channel 312.
[0265] As shown in FIG. 37 and FIG. 39, the individual
interconnections 332 are each provided with individual
electrodes 338, and an individual extraction interconnec-
tion 339.
[0266] The individual electrodes 338 include a first
individual electrode338a formedonan inner sidesurface
facing to the ‑X side and a second individual electrode
338b formed on an inner side surface facing to the +X
side out of the inner surfaces of the non-ejection channel
312. The individual electrodes 338 are each formed
throughout the entire area in the Y direction and the Z
direction on the inner side surface of the non-ejection
channel 312. The first individual electrode 338a and the
second individual electrode 338b formed in the same
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non-ejection channel 312 are divided from each other
with a dividing groove 312c.
[0267] The individual extraction interconnections 339
each include a first individual extraction interconnection
339a and a second individual extraction interconnection
339b.
[0268] The first individual extraction interconnection
339a extends in the Y direction on the upper surface of
the first tail part 302a. The first individual extraction
interconnection 339a is coupled to the first individual
electrode 338a at the upper end opening edge of the
non-ejection channel 312. It should be noted that the first
individual extraction interconnection 339a is separated
from the common extraction interconnection 336 on the
obverse surface of the first tail part 302a.
[0269] The second individual extraction interconnec-
tion 339b extends in the Y direction on the upper surface
of the second tail part 302b. The second individual ex-
traction interconnection 339b is coupled to the second
individual electrode 338b at the upper end opening edge
of the non-ejection channel 312.
[0270] The intermediate plate 303 is provided with
common coupling interconnections 341 and individual
coupling interconnections 342 as coupling interconnec-
tions.
[0271] The common coupling interconnections 341
include common penetrating interconnections 345 and
a common routing interconnection (the first interconnec-
tion) 346.
[0272] The common penetrating interconnection 345
is formedonan innersurfaceof the intermediatecommon
hole 303a. Specifically, the common penetrating inter-
connection 345 is formed on the entire circumference of
the inner surface of the intermediate common hole 303a,
and is formed throughout the entire length in the Z direc-
tion. The common penetrating interconnection 345 is
coupled to the common extraction interconnection 336
at a lower end opening edge of the intermediate common
hole 303a.
[0273] The common routing interconnection 346 ex-
tends in the X direction on the upper surface of the
intermediate plate 303 so as to traverse the intermediate
common holes 303a. The common routing interconnec-
tion 346 is coupled to the common penetrating intercon-
nections 345 at the upper end opening edges of the
intermediate common holes 303a.
[0274] The individual coupling interconnections 342
include first individual penetrating interconnections
351, second individual penetrating interconnections
352, and individual routing interconnections (the first
interconnections) 353.
[0275] The first individual penetrating interconnection
351 is formed throughout the entire length in the Z direc-
tionon the inner surfaceof thefirst intermediate individual
hole 303b. The first individual penetrating interconnec-
tion 351 is coupled to the first individual extraction inter-
connection339aat the lowerendopeningedgeof thefirst
intermediate individual hole 303b.

[0276] The second individual penetrating interconnec-
tion 352 is formed throughout the entire length in the Z
direction on the inner surface of the second intermediate
individual hole 303c. The second individual penetrating
interconnection 352 is coupled to the second individual
extraction interconnection 339b at the lower end opening
edge of the second intermediate individual hole 303c.
[0277] The individual routing interconnection 353 is
formed on the upper surface of the intermediate plate
303. The individual routing interconnection 353 individu-
ally couples the first individual penetrating interconnec-
tion 351 located at the ‑X side with respect to one of the
ejection channels 311 and the second individual pene-
trating interconnection 352 located at the +X side with
respect to one of the ejection channels 311 to each other.
Thus, the individual electrodes 338a, 338b opposed in
the X direction to each other across one of the ejection
channels311 (thesecond individual electrode338bof the
non-ejection channel 312 located at the +X side with
respect to the one ejection channel 311 and the first
individual electrode 338a of the non-ejection channel
312 located at the -X side with respect to the one ejection
channel 311) are coupled to each other.
[0278] The obverse-side plate 304 is provided with
common terminal interconnections 361 and individual
terminal interconnections 362 as terminal interconnec-
tions (the second interconnections).
[0279] The common terminal interconnections 361 in-
clude obverse-side common interconnections 361a and
common pads 361b.
[0280] The obverse-side common interconnection
361a is formed throughout the entire length in the Z
direction on the inner surface of the obverse-side com-
monhole 304a. Specifically, an upper half of the obverse-
side common interconnection 361a is formed in at least a
portion located at the +Y side of the inner surface of the
upper recessed part 321. An upper end edge of the
obverse-side common interconnection 361a is located
at an upper end opening edge of the upper recessed part
321 (the first penetrating part 323). A lower half of the
obverse-side common interconnection361a is formedon
at least a +Y-side inner surface 322a in the lower re-
cessed part 322. The upper half and the lower half of the
obverse-side common interconnection 361a are coupled
to each other in a boundary portion between the upper
recessed part 321 and the lower recessed part 322. A
lower end edge of the obverse-side common intercon-
nection361a is locatedata lowerendopeningedgeof the
lower recessed part 322 (the first penetrating part 323).
The lower end edge of the obverse-side common inter-
connection 361a is coupled to the common routing inter-
connection 346 on the upper surface of the first tail part
302a. It should be noted that the obverse-side common
interconnection 361a is not formed in a portion of the
lower recessed part 322, the portion being located be-
tween the first penetrating parts 323. In other words, the
obverse-sidecommon interconnections361aadjacent to
each other are divided by a portion of the lower recessed
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part 322, the portion being located between the first
penetrating parts 323.
[0281] The common pad 361b extends in the Y direc-
tion on the upper surface of the obverse-side plate 304.
The ‑Y-side end portion of the common pad 361b is
coupled to an upper end edge of the obverse-side com-
mon interconnection361aat theupper endopeningedge
of the first penetrating part 323.
[0282] The individual terminal interconnections 362
include obverse-side individual interconnections 362a
and individual pads 362b.
[0283] The obverse-side individual interconnection
362a is formed throughout the entire length in the Z
direction on the inner surface of the obverse-side indivi-
dual hole 304b. Specifically, an upper half of the obverse-
side individual interconnection362a is formed inat least a
portion located at the ‑Y side of the inner surface of the
upper recessed part 326. An upper end edge of the
obverse-side individual interconnection 362a is located
at an upper end opening edge of the upper recessed part
326 (the second penetrating part 328). A lower half of the
obverse-side individual interconnection 362a is formed
on at least a ‑Y-side inner surface 327a in the lower
recessed part 327. The upper half and the lower half of
the obverse-side individual interconnection 362a are
coupled to each other in a boundary portion between
the upper recessed part 326 and the lower recessed part
327. A lower end edge of the obverse-side individual
interconnection 362a is located at a lower end opening
edge of the lower recessed part 327 (the second pene-
trating part 328). The lower end edge of the obverse-side
individual interconnection 362a is coupled to the indivi-
dual routing interconnection 353 on the upper surface of
the second tail part 302b. It should be noted that the
obverse-side individual interconnection 362a is not
formed in a portion of the lower recessed part 327, the
portion being located between the second penetrating
parts 328. In other words, the obverse-side individual
interconnections 362a adjacent to each other are divided
by a portion of the lower recessed part 327, the portion
being located between the second penetrating parts 328.
[0284] The individual pad 362b extends in the Y direc-
tion on the upper surface of the obverse-side plate 304.
The +Y-side end portion of the individual pad 362b is
coupled to an upper end edge of the obverse-side in-
dividual interconnection 362a at the upper end opening
edge of the second penetrating part 328. It should be
noted that a flexible printed board (not shown) is pres-
sure-bonded to the upper surface of the obverse-side
plate 304.

<Nozzle Plate 301>

[0285] The nozzle plate 301 is bonded to the lower
surface of the actuator plate 302 via an adhesive or the
like. The nozzle plate 301 is provided with a plurality of
nozzle holes 301a penetrating the nozzle plate 301 in the
Z direction.

[0286] Also in the ninth embodiment, substantially the
same functions and advantages as in the embodiments
described above can be obtained.

(Other Modified Examples)

[0287] It should be noted that the scope of the present
disclosure is not limited to the embodiments described
above, but avariety ofmodificationscanbeappliedwithin
the scope of the present invention as defined by the
appended claims.
[0288] For example, in the embodiments described
above, the description is presented citing the inkjet prin-
ter 1 as an example of the liquid jet recording apparatus,
but the liquid jet recording apparatus is not limited to the
printer. For example, a facsimilemachine, anon-demand
printing machine, and so on can also be adopted.
[0289] In the embodiments described above, the de-
scription is presented citing the configuration (a so-called
shuttle machine) in which the inkjet heads move with
respect to the recording target medium when performing
printing as an example, but this configuration is not a
limitation. The configuration related to the present dis-
closure can be adopted as the configuration (a so-called
stationary head machine) in which the recording target
medium is moved with respect to the inkjet heads in the
state in which the inkjet heads are fixed.
[0290] In the embodiments described above, there is
explained when the recording target medium P is paper,
but this configuration is not a limitation. The recording
target medium P is not limited to paper, but can also be a
metalmaterial or a resinmaterial, and can also be food or
the like.
[0291] In the embodiments described above, there is
explained the configuration in which the liquid jet heads
are installed in the liquid jet recording apparatus, but this
configuration is not a limitation. Specifically, the liquid to
be jetted from the liquid jet heads is not limited to what is
landed on the recording target medium, but can also be,
for example, a medical solution to be blended during a
dispensingprocess, a foodadditive suchas seasoningor
a spice to be added to food, or fragrance to be sprayed in
the air.
[0292] In the embodiments described above, there is
explained the configuration in which the Z direction co-
incideswith the gravitational direction, but this configura-
tion is not a limitation, and it is also possible to set the Z
direction to a direction along the horizontal or another
direction.
[0293] In the embodiments described above, there is
described when the upper recessed parts are formed by
the sandblasting, and the lower recessed parts are
formed by dicing processing, but this configuration is
not a limitation. The processing of the upper recessed
parts and the processing of the lower recessed partsmay
appropriately be selected from a variety of processing
methodssuchas thesandblasting, thedicingprocessing,
and etching processing.
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[0294] In each of the embodiments described above,
the description is presented citing when the first plate is
the actuator plate or the intermediate plate, andwhen the
second plate is the cover plate or the obverse-side plate
as an example, but this configuration is not a limitation.
[0295] In each of the embodiments described above,
there is described the configuration in which the pads are
provided to the second plate itself, but this configuration
is not a limitation. The pads may be provided to another
plate disposed at an opposite side to the first plate side
with respect to the second plate.
[0296] In each of the embodiments described above,
there is described the configuration in which the surfaces
at both sides in the Y direction out of the inner surfaces of
the lower recessed part continuously extend from the
same position as the position of the lower end opening
edge of the upper recessed part, but this configuration is
not a limitation. It is sufficient for the inner surface of the
lower recessed part to at least partially extend continu-
ously from the same position as the position of the lower
end opening edge of the upper recessed part. In this
case, the configuration in which the constricted portion
112 formedof theblastmark110 iscompletely removed is
explained in the embodiments described above, but this
configuration is not a limitation. For example, the con-
stricted portion 112 may remain in a part of the boundary
between the upper recessed part 401 and the lower
recessed part 402 as in a conduction part 400 shown
in FIG. 40. In this case, in the lower recessed part 402, a
portion fromwhich the constricted portion 112 is removed
functions as the second inner surface part.
[0297] In each of the embodiments described above,
there is described the configuration in which the surfaces
at both sides in the X direction out of the inner surfaces of
the lower recessed part are disposed at the outer side
with respect to the lower end opening edge of the upper
recessedpart, but this configuration is not a limitation. It is
sufficient for the inner surface of the lower recessed part
to at least partially be disposed at the outer side with
respect to the lower end opening edge of the upper
recessed part.
[0298] In the embodiments described above, there is
described the configuration in which the upper recessed
parts are individually disposed so as to correspond to the
pressure chambers and the ejection channels, but this
configuration is not a limitation. Regarding the upper
recessed part, a single upper recessed part may be
disposed for a plurality of pressure chambers (or ejection
channels).
[0299] In the embodiments described above, there is
described the configuration in which the penetrating
holes and the conduction parts overlap each other in
the plan view, but this configuration is not a limitation.
[0300] In the embodiments described above, there is
described the configuration in which the upper recessed
parts are each formed to have the taper shape, but this
configuration is not a limitation. Theupper recessedparts
may each be formed to have a uniform inner diameter.

[0301] In the embodiments described above, there is
described the configuration in which a part of the inner
surface of the lower recessed part continuously extends
from the same position as the position of the lower end
opening edge of the upper recessed part, but this con-
figuration is not a limitation. For example, a part (the first
inner surfacepart) of an inner surfaceof a lower recessed
part 411 may be located at an inner side with respect to a
lower end opening edge (the second inner surface part)
of an upper recessedpart 412 as in a conduction part 410
shown in FIG. 41.
[0302] Further, a part of the inner surface of the lower
recessed part may be disposed coplanar (on the same
plane) with the inner surface of the upper recessed part
412.
[0303] Besides the above, it is arbitrarily possible to
replace the constituents in the embodiments described
above with known constituents within the scope of the
present invention as defined in the appended claims, and
it is also possible to arbitrarily combine the embodiments
andmodified examples described abovewith eachother.

Claims

1. A head chip (50) comprising:

a first plate (54) having an obverse surface
which faces to a first side in a thickness direction
(Z), and which is provided with a first intercon-
nection (81) corresponding to a pressure cham-
ber (61) configured to retain a liquid; and
a second plate (55) bonded to the obverse sur-
face, characterized in that
the second plate is provided with

a first recessed part (71) opening on a first
surface facing to the first side in the thick-
ness direction, and
asecond recessedpart (72)whichopenson
a second surface facing to a second side
opposite to the first side in the thickness
direction, and which is communicated with
the first recessed part,

the second recessed part is provided with

a first inner surface part (72a) which is lo-
cated within a dimensional range of the first
recessed part (71) viewed from the thick-
ness direction (Z), and which extends in the
thickness direction continuously to an inner
surface of the first recessed part, or extends
in the thickness direction at an inner side
with respect to the inner surface of the first
recessed part, and
a second inner surface part (72d) which
extends in the thickness direction at an out-
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er side with respect to the inner surface of
the first recessed part at a position different
from a position of the first inner surface part
viewed from the thickness direction, and

the second plate (55) is provided with a second
interconnection (85) which penetrates the sec-
ond plate through the first inner surface part
(72a) and the inner surface of the first recessed
part (71), and which couples an external inter-
connection (87) disposed at the first side in the
thickness direction to the second plate and the
first interconnection to each other.

2. The head chip according to claim 1, wherein
anopening areaon the second surface in the second
recessed part (72) is larger than an opening area on
the first surface in the first recessed part (71).

3. The head chip according to one of claims 1 and 2,
wherein

a plurality of the first recessed parts (71) is
disposedat intervals in a first direction (X) cross-
ing the thickness direction (Z), and
a plurality of the second recessed parts (72) is
disposed so as to correspond respectively to the
first recessed parts (71).

4. The head chip according to claim 1 or 2, wherein

a plurality of the first recessed parts (71) is
disposedat intervals in a first direction (X) cross-
ing the thickness direction (Z),
thesecond recessedpart (72)extends in thefirst
direction (X) so as to straddle at least adjacent
two of the plurality of first recessed parts (71),
out of inner surfacesof thesecond recessedpart
(72), the first inner surface part (72a) extends in
the thickness direction (Z) continuously to the
inner surface of the first recessed part (71) or
extends in the thickness direction at an inner
side in a second direction (Y) crossing the first
direction viewed from the thickness direction
with respect to the inner surface of the first
recessed part, and
out of the inner surfaces of the second recessed
part, the second inner surface part (72d) ex-
tends in the thickness direction at an outer side
in the first direction (X) with respect to the inner
surface of the first recessed part (71).

5. The head chip according to any one of the preceding
claims, wherein

the first plate is an actuator plate (202) which
includes adrive unit (215) disposed so as to face
the pressure chamber (211), and which is con-

figured to deform so as to expand or contract the
pressure chamber; and
a common electrode (231) and an individual
electrode (236) which are provided to the actua-
tor plate (202), and which are configured to
generate an electric field in the actuator plate
to deform the actuator plate, wherein
the first interconnection includes

a common extraction interconnection (232)
coupled to the common electrode (231),
and
an individual extraction interconnection
(237) coupled to the individual electrode
(236).

6. The head chip according to claim 5, wherein

the second interconnection includes

a common penetrating interconnection
(251) coupled to the common extraction
interconnection (232), and
an individual penetrating interconnection
(252) coupled to the individual extraction
interconnection (237), and

the common penetrating interconnection (251)
and the individual penetrating interconnection
(252) are formed independently of eachother on
an inner surface of the first recessed part (261)
and the second recessed part (262) communi-
cated with each other.

7. Theheadchip according to claim5or claim6,where-
in

the second interconnection includes

a common penetrating interconnection
(251) coupled to the common extraction
interconnection (232), and
an individual penetrating interconnection
(252) coupled to the individual extraction
interconnection (237),

the second recessed part (262) is provided with

a common-use recessed part (271) com-
municatedwith the first recessedpart (261),
and
an individual-use recessed part (272) com-
municated with the first recessed part (261)
in a state of being partitioned from the com-
mon-use recessed part with a partition wall
(270),

the common penetrating interconnection (251)
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is formed throughout the inner surfaceof the first
recessed part (261) and an inner surface of the
common-use recessed part (271) in the depth
direction, and
the individual penetrating interconnection (252)
is formed throughout the inner surfaceof the first
recessed part (261) and an inner surface of the
individual-use recessed part (272) in the depth
direction.

8. The head chip according to claim 1 or claim 2, further
comprising:

an actuator plate (302) which includes a drive
unit (313) disposed so as to face the pressure
chamber (311), and which is configured to de-
form so as to expand or contract the pressure
chamber; and
a common electrode (335) and an individual
electrode (338a, 338b) which are provided to
the actuator plate (302), and which are config-
ured to generate an electric field in the actuator
plate to deform the actuator plate, wherein
the first interconnection (341, 342) includes

a common extraction interconnection (345)
coupled to the common electrode (335),
and
an individual extraction interconnection
(351, 352) coupled to the individual elec-
trode (338).

9. The head chip according to any one of the preceding
claims, wherein

the first recessed part (71) is formed to have a
taper shapehavingan inner dimensiondecreas-
ing toward the second side in the thickness
direction (Z), the inner dimension being ortho-
gonal to the thickness direction, and
a dimension in the thickness direction (Z) in the
first recessedpart (71) is larger thanadimension
in the thicknessdirection in the second recessed
part (72).

10. The head chip according to any one of claims 1 to 8,
wherein

the first recessed part (71) is formed to have a
taper shape having an inner dimension gradu-
ally decreasing toward the second side in the
thickness direction (Z), the inner dimension
being orthogonal to the thickness direction, and
a dimension in the thickness direction (Z) in the
first recessed part (71) is smaller than a dimen-
sion in the thickness direction in the second
recessed part (72).

11. A liquid jet head (5) comprising:
the head chip (50) according to any one of the pre-
ceding claims.

12. A liquid jet recording apparatus (1) comprising:
the liquid jet head (5) according to claim 11.

13. A method of manufacturing a head chip (50) includ-
ing

a first plate (54) having an obverse surface
which faces to a first side in a thickness direction
(Z), and which is provided with a first intercon-
nection (81) corresponding to a pressure cham-
ber (61) configured to retain a liquid, and a
second plate (55) disposed on the obverse sur-
face,
the second plate being provided with a first
recessed part (71) opening on a first surface
facing to a first side in the thickness direction,
andasecond recessedpart (72)which openson
a second surface facing to a second side oppo-
site to thefirst side in the thicknessdirection, and
which is communicated with the first recessed
part, the method comprising:

an interconnection formation step of form-
ing a second interconnection (85) config-
ured to couple an external interconnection
(87) disposed at the first side in the thick-
ness direction to the second plate and the
first interconnection (81) toeachother onan
inner surface of the first recessed part (71)
and an inner surface of the second re-
cessed part (72) through an opening part
(73) on the first surface in the first recessed
part in a state in which the second plate is
bonded to the obverse surface of the first
plate, wherein
the second recessed part is provided with

a first inner surface part (72a) which is
located within a dimensional range of
the first recessed part (71) viewed from
the thickness direction (Z), and which
extends in the thickness direction con-
tinuously to an inner surface of the first
recessed part, or extends in the thick-
ness direction at an inner side with
respect to the inner surface of the first
recessed part, and
asecond inner surfacepart (72d)which
extends in the thickness direction at an
outer side with respect to the inner sur-
face of the first recessed part at a posi-
tion different from a position of the first
inner surface part viewed from the
thickness direction.
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14. The method of manufacturing the head chip accord-
ing to claim 13, wherein

the first recessed part (71) is formed by perform-
ing sandblasting from the first surface side, and
the second recessed part (72) is formed by
performing dicing processing from the second
surface side.
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